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Xn r c e u is  y e a rs  much, ha s  been done tow ards oh t a i l i n g  a  c le a r -  
im dersi& nding o f  .co n d itio n s  governing the. s tru c tu re ©  ©ad a llo y in g  •
■ behaviour ©£ m etals*  ^rom a study o f  a l lo y s  o f  such element© a s
t!i@ a lk a l i  m etalc and copper*- . s i l v e r  • and gold* variou s r u le s  have 
been esta b lish ed *  w hich vp proved to  be o f  goner-’1!  a p p lica tion *  . 
.though th ey  a* iy*t always © m et in  the l a t e r -groups o f  the p er io d ic  
t a b l e .  "v£* re^c 4. li i s  now concerned .w ith . ex ten d in g  tho a p p l ic a t io n  
I o f  a llo y  th e o ry  to-, th o se  - e lem en ts  * os® - m e ta l l ic  p ro p erties  © re. less©.. I 
stro n g ly  marked* T o p resen t wortc* fo r  example* i s  p art o f  a  - 
■progxtimwe to  o b ta in  in fo rm a tio n  on a l lo y s  o f  t in .  and. hence. t o  fo rm u la te  
.ru les  g w em tn g - th e ..betesrioua? o f  t h is  -metal*, fo r  tehioh th e  c u r r e n t ' -- 
p r in c ip le s  are o fte n  in a d eq u a te .’
- In  a problem  ©f t h is  n a tu re , i t  us t oxkil to ' s tu d y ;development© 
whieli le d  to- the ^ d o rn  . 'id e a s  o f  th e  s t r u c tu r e - o f  atoms in  th e  -I - 
is o la te d  and aggregated s t a t e s . . ’ ".
C&) Atonic k triio tu re^
- I t  was not u n t i l  -co m p ara tiv e ly  r e c e n t ly  th a t the "openness* 
o f  .m a tte r  was r e c ia te i*  -fhe work o f  I hone on and Aston en ab led , th e
. m asses and charges o f  e le c t r o n s  ©actions to  be s tu d ie d  in  d e ta il*  -and 
.•th is woife ©hotrod th at w h i ls t  both the n e g a tiv e  and p o s it iv e  io n s  
e x i s te d * • o n ly  n eg a tiv e  e l e c t r i c i t y  was. a s s o c ia te d . w ith  a  mass as
sm all a s  t h a t  -©f • an e le c tro n *  T h is le d  to  the id ea  ©f an ©tom ae 
c o n s is t in g  -o f a r e l a t i v e ly  -heavy* p o s i t i v e ly  charged  body, to  w hich -
was attached a number ef light, negatively. charged electrons, and f v m  
this GsmB the concept. o f a -nuclear atom with negatively charged 
electrons revolving round a positively charged core* This conception . 
was -confirmed- by wutherford oh. the deflection.©fat particles' when 
pa©slag through matter, and hia'work led to the conclusion that cm 
atom consisted of a minute:positively charged nuolotts, surrounded
!>y a sufficient number o f  electrons" to' keen the atom a s a whole neutral
- ~ ■ - *~12
The dim ensions ©f the nucleus- are o f the order o f  10 era*,-and' are
thus- very sm all compared w ith  the' d ista n ce  ’between atone in  m olecules
- 3  .. . • ;
or c r y s t a l s . (10 t© 10 cm*), though the positively', charged nucleus
con ta in s alm ost the whole o f  th e  laass of the atom, T h e  zone occupied 
■;■ i  ’ -7  *-8 ,
by the-surrounding e le c tr o n s  i s  o f  the order o f  in  ' to.. 10 cm** -and i s
thus of the seai-e magnitude as 'the interatom ic- distances in- crystals*
alia p o s it iv e  charge on the nucleus i s  equal to  + Sef . where Tt the so-
called atomic number* g iv e s  the p o s it io n  of -the element in  the Periodic
fab le*  S ince the atom as a whole i s  neutral, an atom of atom ic number
S is surrounded by S 'electrons, so th a t an atom' o f say,' copper o f
atomic number 89 contains a nucleus of charge -v29©$ surrounded by 29 
e le c tro n s*  ■ ■■■■; ' . ' -  ' / .
■The nucleus^ b ein g  email and very s ta b le  i s  on ly considered  
her© as an e n t it y ,  as ‘its.substructure has a ;n e g lig ib le  effect on
a llo y in g  behaviour* fhe-• special' distribution o f  electrons, and their 
m u tu a l'in ter— actions, however, are ef fundamental importance*
(1) The P e r io d ic ity  o f  the dlem ents*
• , b en d oleef and bewlands wer© r e sp o n s ib le ' fo r  the P eriod ic
babX© o f  the elem ents* abey observed th at when - Clements were arranged 
. xn order o f in crea sin g  atomic number, each nin th  element resembled
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Figure*!.
th© f i r s t , ' giving  r i s e ' i© an Mo b tav ew r e la t io n s h ip .  Some m o d if ic a tio n s  
were re p a ire d  fo r  a  e©mplet© c la s s i f ic a t io n *  "but the  modem- ta b le  
s t i l l  c o n ta in s  e ig h t  - d i s t in c t  groups *• ( i  -ur© 1)® fr!i© i n t e r p r e t a t i o n  
i s  t h a t  the electron c o n f ig u ra t io n  must b© in  sou© way- r e p e t i t i v e ,  ' 
w ith  t h e . e le c t ro n s  aoco ' * 'o d a te d in  groups o r  s h e l l s  w h ic h ,e x h ib i t  a '
cer ta in  „ l i t y  when f i l le d *  - '"■■ ■
(11) fI%.0ori©o o f  the .hydrogen ft tom®
In  develop ing th e  th e o ry  o f atom ic s tru c tu re *  a tte n t io n  was
n a tu r a l ly  cpnoeatr& ted  am th e  hydrogen atom* sine© th is-  c o n s i s t s •o f
- * '  ’ : •' -
a s in g le  e le c tr o n  in  motion rounds nucleus w ith  a s in g le  p o s it iv e '
charge o f  e ,  Hie f i r s t  theory o f  the hydrogen atom assumed , t h a t  the  
e le c t ro n  d e sc rib e d  a ’c i r c u l a r  o r b i t  round -the nucleus* so  t h a t  th e . 
inw ard a ttr a c t io n  ©f the nu c leu s  was b a lan ced  ey the- outward 
c e n tr ifu g a l‘'fere©#' fh e  energy o f  - th e ' e le c t ro n  'could then l>e-represented  
-as the sum o f  i t s  k in e t i c  energy and th e  p o te n tia l energy due to  th e  
a t tr a c t iv e  fo rce  betw een i t  and- th© o p p o s ite ly  charged nucleus®.
ih e  d e fe c t  - in  the above.theory was th a t i t  did  not ex p la in  , 
e ith e r  th e  rea so n  fo r  th© fo rm a tio n  o f  sharp s p e c t r a l  l i n e s  "■ 
corresponding to  d i s c r e te ' e n e rg y .le v e ls ,  or fo r  the s t a b i l i t y  o f  th© 
atom® An e lec tro n  moving in  an o rb it as  m entioned above,, would, on 
the b as is ', o f  c l  Vailca! m echanics, c o n t in u a l ly  approach th e  n u c le u s , 
w ith  a steady em ission  o f ra d ia tio n  o f  gradually  .changing frequency#
. Bohr accounted f o r  th e s e  d i f f i c u l t i e s  by p o s tu la t in g  t h a t
(1 ) th e :e le c tr o n s  are assumed to  rev o lv e  round 'th© n u c leu s  i n ­
d e f in it e  o r b i t s - c a l le d .  S ta t io n a ry  S ta te s , and em ission  ©r absorption  
o f r a d ia t io n  ta k e s  p lace by an e le c t r o n jumping from  one' s ta tio n a ry  
s ta te  to  ano ther*  Alien th© e le c t r o n  jumps from  an o r b i t  ©f energy  8
:: t ;'■■■ y!
■ ^  : - : ' : 
to  o m  o f  ©isoisgf B 9 tim  ‘atom’ © a its  eboorfeii s  # m i « i  ■ ■ .
.I** '• .' *
a ^ lx a l io a  o f  £fc©*uoaey if# ga^ets b y  tb s  vel& tto& f .<** Bg*tsvt  •
b  IB t. i© «i> t a l  ©oa© latat* ©a 11©ai©>© ©uul
, : ^g*| .
3£ 10 '■ dt. B i i s  s io a  o f  r s d i a i l o a  i. c a .-p ise ®  i f
i s  g r ^ a to r  t a c a  Bg msd eba © rp tie ii i f '  th e  utoci ^aiB # •
m w ^ f  &H&&3 tra m r  iiioa® . - ■ ’ " - . . . .
( 2) Tbs ©aly s i& tio m ry  s t a t e s  i M i i  s ta b le  asm mmmmiL -..>;
to  b@ tlsoe© fb ^  \L ic l i  tli© u© ra ttm  i© a»  . in te g r a l  im iltlp le-
© fJ^ /2^  * I n  tb is 'w a y  m  ©l©cta?©aio o r b i t  .©y s t a t e  i s  &@ so c ia l© !
. m t a  & wtioi® n iiiC i? i tlx© so^oaX led cpavr5jxa m & bsr*. Tim mrbitm i s
l i i io h  a o t io a  m s  tjcassiissib le  Ixad isoaoats iftiiob. v e re  i n t e g r a l  :
' ■ v  *■ ■  ^ ‘ -; '■■■• - ‘ .M l
isa liipX ea o f  Ii/Z'KvMmm h  i s  P i m p ’ s  ecm sisa i*  TUib m~ 2n^f .
feeing. tli@ e lso tf fo a io  a© ss# *. * v  i t s  v o lo e i ty j  a  i s  an  i n t e g e r ,
' tlx© 'fovwcvBoms? ofxtli©  ©tiamtei Mafeer© mm  ro t'a i^ K i to  dm tim ' th® .
; energy  o f  tli© © lecterns®  • ; : • • .
. ( i - i )  ___:»©.; x r a - p y  *b
'"• "0a. o:^i3ia i a g  p re v io u s  state:.;cte& g i t  w i l l  be  see n  th a t  ifeey : - 
i r r /e lv e  - ilia  ^ e u K p tio a  t  t  u te n i i t lo ©  eueb a s  p o s it io n ,,  v e l o c i t y , ' ' -
U‘X vs'.VjL’.t etc® , BCy’t s  a s c r ib e d  to  an  e le c t r o n  a t  any  i n s t a n t ,  ami 
t b e t  t l e a s  q g a a t i t io o  ' av© tlx© .physical. m a k in g s  -a s so c ia te d  w ita  them . 
i a  t i e  c l a s s i c a l  seraiam os*  I f  th o ’ o r d i n a l  methods' o f  o e a o a r ix if
qswsx$itt&® mxc&i so p o s i t io n ,  v e lo c i ty ,  e tc® , 'a re  .eonr* , i t  w i l l '
tn '
oe aeon » jl< . cm 7 a l l  itiv o lv e  ■ tlta  aosap tloci t lm t  we can" ig n o re ' isost 
o f  tkQ © Ite ra t io n  produced by tk e  .a c t  o f  sieseiirasient® b itlx  o riiK iary  
c b j e c t a . tioe©  e f f e c t s  a r e  eo o:;iall a s  to  be n e ^ i r a b l e ,  b u t  wbeu 
e le o tro n s  a re  con eeraed  , tlie  p o s i t io n  i s  v e ry  d i f f e r e n t*  " b io  gave r i s e
' ' . ‘ ■ ' . - . S ' .
to  the  u n c e r ta in ty  frinoipl© o f H eisenberg^ which s t a t e s  t h a t  i f  A x 
i s  tliG lino ©j? t a in  t j  Iri th e  p o s i t  i o n , . and A p th©' u n c e r ta in ty  i n  th© 
momentum, them th e  p ro d u c t A x  A p ha© a  minimum 'va lue  o f  - h» w here,h  - 
i s  Planck* © C onstan t o f  Aoticm* T liusth©  more a c c u ra te ly  the  v a lu e  o f 
p i s  'determined, the  g r e a te r  the  u n c e r ta in ty  of '%9 and viee**v©rs&# •..
A ccord ing ly  a  new m ataem atlea l th e o ry , known a s  wave 
laeohanios o r  quantum m echanics was c r e a te d f . i t s  a p p l ic a t io n  to  th e  
B tru o tu ro  o f  th e  atom r e s u l te d  in . the  rep lacem en t o f  th e  p ic tu r e  o f  
d i s t i n c t  e le c t r o n ic  o r b i t s  with  t l i a t  o f  r a t h e r  d i f f u s e  e le c t r o n ic
* e l© ids * su rro u n d in g  th e  n u c le u s , th e  d e n s i ty  o f  th e  c lo u d  a t  any
.... , f  . . .  /  . ' •
p o in t in d ic a t in g  th e  p r o b a b i l i ty  o f  f in d in g  an e le c tro n  a t  . th a t  po in t#  
The m otion  o f  an e le c t r o n  i s  s t i l l , r e g a r d e d  a s  "being
co n fin ed  to  c e r ta in  s t a t e s ,  governed  by quantum num bers, even th o u g h , 
th e  id e a  o f  d e f i n i t e  o rb it©  i s  now•d isca rd ed *  I t  has become n e c e s sa ry , 
to  s p e c ify  fo u r  quantum number© in s te a d  o f  th e  © ingle one used  in  th© 
o r ig in a l  fo rm u la tio n  o f Bohr*
& )  The Tour Tuantun Humberts* ■ '
A p a r t i c l e  moving in  th re e  d im en tio n a l space  needs i t s  
m otion to  be ex p ressed  in  te rm s •o f  th r e e  re so lv e d  com ponents, each  
co rresp o n d in g  to  one o f  th©' d im ensions in  sp ace , b e fo re  i t  can be 
p r e c is e ly  s p e c i f i e d , . I n  t h i s  case  th e  m otion i s  s u b je c te d  to  Quantum • 
r e s t r i c t i o n s  and hence. th re e  s e p a ra te  quantum mmber® a re  n e c e ssa ry  
l a  o rd e r  to ''a p p ly  quantum laws# The f i r s t  - th re e  quantum numbers o f  
'th e  modem th e o ry  • s a t i s f y  . th i s  consequence o f  th e  th re e d ie te n s io n a l . 
n a tu re  o f ■ th© problem , a lth o u g h  th e y  do n o t correspond, in  any sim ple 
way w ith  th e  th re e  dimension© o f  a C a r te s ia n  r e p re s e n ta t io n  o f space* '
Principal and Secondary Quantum Numbers.
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n = 1 2 3 4 5 6
1 = — — — 0 1 2 3 0 1 2 0
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30 Yt . 2 8 18 2 6 1 2
40 Zr . •2 8 18 2 6 2 2
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48 Cd . 2 8 18 2 6 10 2
49 In  . ■ 2 8 IS 2 6 10 2 1
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Tb,© f i r s t  'number i s  » f th e  t o t a l  c^uantum numberj i t  i s  s im i la r  to . 
th® n o f Mi© 'o ld e r  - th e o ry  and i t  s p e c i f i e s  th© s h e l l  o r  group of. 
^uaatma. s t a t e s  to  which th e  e le c tro n  "belongs* The second^  d e s ig n a te d  
by th e  symbol t $ m a y  have. any. y&lue from 0 .to  ri-1, and th e  t h i r d  m ^ 9 
can talc© v a lu e s  from + 1  to  —1 in c lu d in g  th e  v a lu e  0* The f o u r th ;  '
quantum number m *. i s  r a t h e r  d i f f e r e n t  from any "of th e  cT 'c i s and
. ■ s .. - . . . . . .
i s  introduced b ecau se'o f  the fa c t  th a t an e le c t r o n  behaves. in  some 
ways a s  i f  i t  were s p in n in g . ab o u t i t s  own ©acts in  a d d it io n  t o  i t s  
motion, a b o u t ' th e  nucloas*  e ti©  .p ro p e r t ie s  are a s s o c ia te d  w ith  , 
t h is  sp in  and i t  i s  found i......t the ex p e rim en ta l o b se rv a tio n s  may he
s a t i s f ie d  on th e  b a s is  t h a t  two o p p o s ite  sp in  d i r e c t io n s  ©re p o ss ib le#  
These fa c t s  are accoun ted  fo r  by th e  u se  o f  the fourth  quantum- w f 
number vmieh s a y  .tak e  on ;the- v a lu e s  ± ■§■#
. The f i r s t  fo u r  1 v a lu es  a re  referred  t o  as s ,  p f &9~ and f t . ( i . e . , . 
l* 0 t ' 19. 2 and 3 ) # fo r  convenien©®*' Thu®, in . t h is  n o ta tion  th e s ta te s  
which have e  s:3 ? 1* 2  are 3d states.# A ll s t a t e s  h av in g  th e same p r in c ip  
a l  and ©eoond&ry quantum numbers a and 1 have id e n t ic a l  en erg ies  and' s
are sa id  to  be .degenerate 5 m and m are only o f  im portance her®
: ■ ■ 1 S 
b e c a u se ' th e y ' show th e  maximum number o f  e le c tro n s  which ©an" occupy
th© d if fe r e n t  energy  le v e ls #  . . ; ‘
•Tiier© i s  a  g e n e ra l p r in c ip le  t o , the  e f f e c t  t h a t  th e  s ta b le *  
n o n a a l ' arrange:,icn t f o r  © ‘m echanical ''system  i s  t h a t  g iv en  by th© ; 
lo w est v a lu e  o f  th e  t o t a l  energy o f  ©11 th e  members o f  t h a t  system*
,and a p p lic a tio n  o f t h i s  to  the atom ic  p ro b lc  3 in d ic a t e s .th at the
e lec tr o n s  m ight be ex p ec ted  .to' occupy those quantum s ta te s  w ith  th e  
lo w est energy* .These w i l l  he th© two I s  s ta te®  (n *  1 , 1 * 0 ,  0 '
mp± )* s in c e  th ey  have t h e .low est p o s s ib le  v a lu e s  of n and 1* The
*3
• fa c t  t h a t  t h i s  does not' o ccu r i s  due to  th e  r u le  known as  th e  P a u l i  
d e l u s i o n  f r i r f _ .1 q , which' s t a t e s  t h a t  in  any 'atom ic or m o lecu la r
system* th e re  v'* xot be two .© ieo trens w ith  the- oaiao^fouy quantum . 
nuraoere*. - ■ .-„. : . ’: . . , -
Each q u a n tu m 'sh e ll e o n ta in s  th e  s t a t e s  co rra sp o n d ln;r to  
one p a r t i c u l a r  a  quantum number«. Th© number o f . s t a t e s  grows 
p ro g re s s iv e ly  l a r g e r ,  f o r  s h e l l s  o f  in c re a s in g  n , b e in g  e q u iv a le n t- 'to  .
• 2 x n2 * A 'f i l l e d  s h e l l ' i s  a  s t a b l e ' c o n f ig u ra tio n *  fhe- reaso n  f o r  th e
*oct&velt r e l a t io n s h ip  in  .th© second p e r io d  o f  th e  p e r io d ic  t a b le  i s
' ■■■- ' 2 ■ ' ■ . k ' 'th u s  obvious { i s  2 *s 8)* I t  ©an bo e x p la in e d • i n ' l a t e r  p e r io d s  by th e
fo rm a tio n 'of. s ta b le  sub -g roups w ith in , th e  s h e lls *  F ig u re s  2 ,3 ,  a u d '4 ,' 
show th ® '-e le c tro n ’g ro u p in g s  o f  th e 'e le m e n ts*  Th® r e l a t i v e  e n e rg ie s  
o f  a v a i la b le  - s ta te s  som etim es' change w ith  in c re a s in g  atom ic number* 
■This acco u n ts  f o r  th e  ap p a re n t i r r e g u l a r i t i e s  in  th e  o rd e r ' i n  w hich
th e y  a r e  f i l l e d * ' .  ~ ' ' k "
M .  Atomic * g g re g u te %, . . ' " a - . . .
- :A1though atoms a re  e l e c t r i c a l l y  n e u tra l*  th ey  e x e r t  fo rc e s  
on each o th e r-d u e  to ..th e  d i s t r i b u t i o n  o f ; t h e  charge* A f lu c tu a t in g  -■ 
d ip o le ; moment i s  p re s e n t  "in a l l  atoms due to  movement • o f  e le c tro n s . . 
and th o u g h 'th e re  i s  n o ' r e s u l t a n t  moment o v e r  a  p e r io d  o f 't im e , ' atoms 
oaa e x e r t  a  weak a t t r a c t i v e  fo rc e -b y  h a rm o n is in g . i n  t h e i r  - 
'in s ta n ta n e o u s  d ip o le  moments# f fh is  i s  know n'as Tan -der Waal’ s  
a t t r a e t i o n i  i t  in c re a s e s  i s  m agnitude a s  th e  atom s approach* When 
ta e  atoms a re  f a i r l y  c lo s e  to g e th e r  a  re p u ls iv e , fo rc e  due to  
-e l e c t r o s t a t i c  I n te r a c t io n  o f  t h e ;e l e c t r o n s ,  i*©*s a  Coulomb f o r c e ,
. g iv e s  r i s e  to  a n • optimum in te ra to m ic  d istan ce -' o f  lo w est energy* Tan'
13
iier rtai.l*s fors-es aooouii-fc for- tha beading in- the -litiiis l and-solid
ie ' • •
forms .of the....-elements of, Group- q, whose low ..'boiling .points are 
chars*©terls tio- c * t © weakness o f  .those fo r c e s .'
{1) C ovalent
The r a re  g a se s  ar@' &onatcmid l a  th e  gaseous s t a t e ,  , have 
low  b o i l in g  p o in ts ,  . f o r a  no s ta b le  chem ical compounds* and  i t . i s  -c le a r  
th ey  w ^ s  th© le a s t .p o w e r  ©f'-. in te r*  to  ac cohesion* T his is- due .to
eeioli atom having a very  ©table .e le c tro n , oleud  whose -energy cannot be'
reduced b y ’■ in te r a c tio n  w ith  other elem ents# m olecules fo rc e d  by^eingl©  
cova len t bond occur when atcwis req u ire  a few e le c tr o n s  only to  forra 
a s ta b le  .con figu ration . - ..
- ■ The- h a lo g en s , which fo rm •v e ry  e t& ile  d ia to m ic  m o lecu les , - 
have - ©even e le c t*  > in  th e  • o u te r  s h e l l ,  end foxm 's ta b le  o c te t s  by
sh a r in g  ©n© e le c t r o n  betw een 'two n e ig h b o u rin g  a to m ss The foresee which-v 
bin-1 the atoms o f  th e  in e r t  gases and th e  h a lo g e n s , to  f o r m  th e  l iq u id  
or s o lid -s ta te *  are the fan  der v/asl*s f o rccs* '
. ' I t  i s  p o s s ib le  f o r  an atom to  be connected  to  i t s
neighbours by © number o f  c o v a le n t bonds# In  th is ,  way s ta b le  e le c t r o n  
arrcngom outs a re  fo im e l in  th e  elem ents more d e f i c i e n t  in. - e le c t ro n s  
th an , s a y , - th© halogens*  F o r exam ple, '• each  carbon atom r e q u ire s  fo u r  
e le c t r o n s  to -fo rm  th e  -s ta b le  - neon g roup ing  o f  e le c tro n s# ' In  th e  
dxe&ond s t r u c tu r e  t h i s  i s  accom plished b y 'a n  atom ic arrangem ent such . 
t u a t  each  atom, -is a t  the. c e n t r e 'o f  a  r e g u la r - te t r a h e d r o n  an d -sh a re s  
r o u r  e le c t r o n s  in  fo u r  c o v a le n t bonds w i th -o th e r  atoms a t. each apex 
o f t h e  tetrahedron* F ig u re .5 *•
The'c r y s ta l  s t ru c tu re s  of a rs e n ic ,  antimony, bism uth, 
selenium , and te llu riu m , i l l u s t r a t e  what- has been called , th© (S—Ti)  r u le ,
Diamond Structure. 
Figure.5•
(Tellurium Structure 
Figure 6 *
Antimony Structure 
Figure 7.
Sodium Chloride Structure
Figure 8.
IT:re p re s e n tin g  .the number o f  e le c tro n s  in  t h e i r  o u te r  quantum shell* . ' ■ h
They similarly fora stable octets; of electrons by"sharing”* flie; crystal 
©trueturo of the Group Vi. elements, selenium and.' tellurium is shown" 
in Figure 6*,.- and' her©;it will'bo. seen that atoms torn spiral chains - , 
in which ©aoli atom has two plosest neig bourn, th©' £&ki*&tning interatomic 
distances being; considerably, greater* 1M u. clearly suggests that in ; 
these crystals each atom is building 'up :ea octet of -electrons by sharing
o m  .electron- w ith  each o f  i t s  two /c lose  neighbours to  form normal /.
covalent bonds* l*he' s tru ctu re  o f  arsen ic,- antimony, and, bism uth, ' in
Group it i s  shown in  Figure 7* and here the stru ctu re  c o n s is ts  o f double 
la y e r s  in  which, each atom aa© three, c lo se  n e ig h b o u rs,; again in  
o o n fo m ity  w ith ’the ( cM l)' r u le  ,
( i l )  The '" ota llio . linkage-* . F f  . .
. I n . e lem en ts r e q u i r in g  a  la rg o  number o f  e le c tro n s  p e r  atora 
to  complete, a  © table e le c t r o n  • © b ell' . i t . ' is . im p o ss ib le  f o r  th is ,  s h e l l . 
to  b© b u i l t  up by c o v a le n t bonds, a s  th e  r e s u l t i n g  s t r u c tu r e  would-be 
ex trem e ly -u n s tab le* ' Copper, f o r  . in s ta n c e ,  would r e q u ire  seven n e a r e s t  
neighbours; and ©even sim ple c o v a le n t bonds - to ' a ch iev e  a n y th in g , 
approach ing  th e  e le c t r o n  a r ro  igcneut in  k ry p to n . In -su c h  elem ents, th© 
v a len cy  e le c tro n s  c o n tr ib u te  to  a  -g en era l' e le c t ro n  nc lo u d rt;-w hich.i s  ' 
sn ared  eq u a lly  bet¥/een a l l  atom s and -acts a s  a  bond ing  ' mechanism. f o r  • 
the structure. . •
■GetaXli© or.- covalent bonding' can Im adopted with equal' 
iseilxty by certain types .of atoms*. The low tensperatur© modification - 
oi. tin ic covalent in nature crystallising.in the diamond structure,- 
xn accordance with th© rule, whereas the stable form at higher
teaperature© has typically^©tallies properties# . \ ■ ' ■
■ ' . 'When" tiie  fo rc e s  which . e x i s t  between u n lik e  atom s in  © olid
©3? l iq u id  so lu tio n s* . compound molecule-s* e t c .* a r© -considered* a l l  th e  
previous ty p e s  m entioned a re  found , b u t a p a r t  from th e se  a  new type i s
met*. viz,* .. tli© io n ic  o r  p o la r  bond.# l a  atom • o f . sodium lias one v a len cy  
e le c tro n  o u ts id e  a  s ta b le  group o f  e ig h t* ' w h i l s t  an a t e  o f  c h lo r in e  • •
ha© seven va lency e lec tro n s* . and th u s  needs o n e  e ie e t r d n to  complete 
.a g r o u p  o f eighty In  t h i s  e a s e . chem ical com bination ' oecure  by the  
sodlam atom g iv in g  up i t s  va len cy  e lec tro n  to  the ch lo r in e  a t m -  b o  
th at the la t t e r  acq u ires a .co m p le te ’'group o f  e i g h t . electron© * The 
r e s u lt is g  compound i s  said., to  be p o lar  or  ionic*, s in c e  tk© tra n s fe re n c e  
o f the' e lec tro n  from one a t o m  to  another produces a. p o s it iv e  and a 
n egative  io n , and th ese  a m  field ■ to g eth er  by t h e ir  mutual e le c tr o  s t a t i c .. j 
a t t r a c t i o n  'Which p u l l s • th© io n s to g eth er  u n t i l  ’ the a t t r a c t i o n  i s  .. - - .
balanced  by the repulsion.produced when the e le c t r o n  clouds ©f the  
ions overlap* ^ino® th© re su ltin g - 'm o le c u le a  c o n s is t  o f .a p o s i t iv e  and . i 
a n e g a tiv e  ion* th e y  p o sse ss  a  r e l a t i v e l y  la r g e  d ip o le  moment* in  • |
c o n tr a s t  to  m o lecu le s ; such, a© hydrogen where t h o  e lectron , cloud o f  th© . 
•valency e le c t r o n s  i s  much m o r ®  u n ifo rm ly  'd i s t r i b u t e d  between th® two j
atoms, T h e 'c r y s ta l  s t r u c tu r e  o f  sodium c h lo r id e . i s  shown in  Tigur©  8 , -j
( i v ) fie ©onano e I o n d l o g  , . •
...la th e  hydrogen, m olecu le  i t  i s  n e c e ssa ry  to  ta k e  in to  , ' ■.
acco u n t-th e  f a c t •t h a t 'two c o n f ig u r a t io n s 'o f  id e n t i c a l  energy  a re  
produced i f  an arrangem ent w ith  e le c t r o n s  £!©»! 'and”5?©.2 n e a r  n u c le i  A 
urxd B r e s p e c t iv e ly  changes' to  o n ®  w ith  e le c t r o n  Wo.l n e a r  to  n u c leu s  B*
•and e le c tro n  Wo*2 n e a r  .to  n u c leu s  AV.A lso t h i s  p roduces a r a p id
in terchange-- o r  -rdsoaanoe -between-- th e  • - tw ee lse tro n io  eonf ig o ira tio n s , >• .■■>
. i •
w ith  a- r e s u l t i n g  lo w erin g  o f  e n e rg r  and d e c re a se  in  th e ' in te ra to m ic
d is ta n c e #  T h is - is  an  i l l u s t r a t i o n 'o f - a •g e n e ra l p r in c ip le  w h ich 'may. ' i
be summarised by say ing , t h a t  i f  a  m olecule  c a n ' e x i s t  i n  more th a n  one
s tru c tu re *  .th e  m ost s ta b le  s t a t e  .does n o t co rrespond  to  th e  wave 
fu n c tio n  of-.any one 's t r u c tu r e  .bu t - to  th e  s u p e r -p o s i t io n  o f  wave j
fu n c tio n s- "of . t h e 'd i f f e r e n t  s t r u c tu r e s # "
The hydrogen m olecule a l s o  s e rv e s  to  i l l u s t r a t e  t h a t  th® . ! 
ty p e s  "of bonding ' enum erated above-'may merge in to  one a n o th e r  w ith o d t j 
any sh arp  d is c o n tin u ity *  sin ce*  from th e  resonance  v iew p o in t, . th e  ;
hydrogen 'm olecule i s ' 5$ io n ic ja lso "e x a m p le s  can b© Quoted to  show © a 
. g rad u a l change from' ionic- to  m e ta llic ''b o n d in g  a© © 1 ec t  roebe& iical - j
d i f f e r e n c e s ' become l e s s  marked*
(0 ) The -M eta llic  ■
(1 ) C ry s ta l S tru c tu r e  Of ""efcels, - /
-.' When' th e  .'arrangem ent o f  a t  i in  th® s o l id  s t a t e  i s  ■ . j
co n s id e red ' i t  i s  found t h a t  where th e r e  'a re  s tro n g  a t t r a c t i v e  fo rc e s  • | 
e x e r t e d , .- th© te n d e n c y ' i s  f o r  th e  a to m s , ' o r  m o lecu les  concerned to  - 
a rra n g e  them se lv es  in  a 'r e g u la r 'th r e e - d im e n t io n a l  p a t t e r n .  I t  i s  t h i s  
r e g u la r i ty  o f  a rran g em en t'which i s  th e  b a s is  o f  c r y s t a l l i n i t y  in  
m a te r ia ls*  a  c r y s ta l  b e in g  n o th in g  more th a n  .an o rd e r ly  a r r a y  o f .atoms ' ! 
o r  m olecules*  k e ta l s  ten d  .to  form c lo se -p ack ed  s t r u c t u r e s , .w ith  h igh  
c o -o rd in a t io n  num bers, Th© fac©—c e n tre d  cu b ic  a n d , e lo s e —packed j
hexagonal arrangem ents a r e  th e  two c lo se st-  p o s s ib le  m ethods o f  s ta c k in g
atom s, a n d -e re  w idely  ad o p ted . Both have a c o -o rd in a tio n  number o f  - B-
- - ' ■ . * " - - ' -. -. : ' ,B • ' ' f
tw e lv e , The b o d y -cen tred  c u b ic  a rrangem en t, th e  t h i r d  eomaoa m e ta l l ic
s t r u c tu r e ,  i s  n o t q u ite .  so c lo s e ly  packed , b u t s t i l l  has a high
15(a)
Face-centred cube. Body-centred cube.
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uniform* out p eriod ic*  On t h is  ‘b a sis  o a lo u la t io n s  showed th a t  there  
wer© d i s c o n t in u i t i e s  in  th e  r e la t io n s h ip -  between energy and wav©
number, ( f  Igar® I I )  , giving* *one& o f  .p e rm is s ib le  energy le v e l s  in  p la ce
} \  ■,   •
o f the continuum o f e a r l ie r  th e o r ie s ,  k , ' i s  a v ec to r  quantity, and 
t h e s e . d is c o n t in u it ie s  in  general .0oeur a t d if fe r e n t  v a lu es  o f  B in  
d if fe r e n t  c r y s tB llo g r a p h it ic  directions?,- . .
'■ \ fh ere  i s  an obvious eonneotion between th e w e ll known 
in aw o f  R e fle c tio n  in  c r y s ta ls  and the r e s tr ic t io n s -p la c e d  on " .
. the - motion of. e le c tr o n s  in  s p e c i f i c  exystallo&T&pliio d ir e c t io n s  a t  
certain , energy l e v e l s , -  / ..
By th© Bragg hew, a>  * . 2d sin®* ,  where d i e  th©
i n te r p l a a a r  sp ac in g  , in  th e  c r y s t a l , ; and ^  i s  th© *Bragg angle**,
■ But s in c e  k ~ ^  ' c r i t i c a l  v a lu e s  .occur when k s ’jj*
flies© are b e st  represented  by p lo t t in g  the p lanes o f  d isc o n t in u ity  
• in  Hk sp soe”,  .the- axes rep resen tin g  v a lu es  S f  1c i n . s p e c i f ic  
cxy eta llo g ra p h lo  d ir e c t io n s .  The %iia-si«oo?iiimioos v a lu es  o f  
•perm itted• en erg y •in  . nk space”, are c a lle d  B r illo u in  Bones, •
(A) A U oyinK Phenomena,; . .
Th® s o l i d 'p h ases w hieh ©an ho produced' by th© 
i n t e r a c t io n  'o f .d i f f e r e n t  m etals a r e ■c l a s s i f i e d  as p rim ary  s o l id  
s o lu t io n s  or in te rm e d ia te  p h ases, . ' ; ■
( i )  S o lid  S o lu ti ons , • -
S o lid  so lu t io n s  a re  d is t in g u is h e d  from phase, m ixtures 
in  • t h a t  th e y  are com pletely homogeneous when in  thermo*»dynGaieal ■ 
e q u il ib r iu m , there b eing n o . ten d en cy  fo r  s im ila r  atoms to  c lu s te r  
to g eth er  to  form ©table groupsj they  are d istin g u ish ed  from compounds 
xn th a t they can .e x is t  over- a range o f  co m p o sitio n ,-th a t i s , '  they ©re
o f  . u - I  o m p o sitio n *  Of id© d if fe r e n t  tzrpex o f  £ 111 ■ :
'isolation© ih& ;.:oot i  £€& feaat eve • futsatltuiion&X fend in i© rs.tie l& l# Xn 
m&oiiiiii&on&l vo liZ  ; «Iu*ti©n$f • Ipxir © slate & t m m  oamipy ©arae o f  the  
e d c m e ' s itess  1 2 ^ * '"In ; in  i 1 e e r f  s i  S i  pattern  o f  tf© © o lv en if  c m  t h ® t  
ih ~ j  i na typ es o f  - ©tom© ’&jpe ' s i  r y - I  ■** * « o m t m n  eu I in
i n f  .ret f e t a l  s o l id  so lu t io n s  V e ssiod«o atom© m < * /  xsitesastielfeX ■
.••d ‘ * ’ - V ' .'- '
s i t e s  between ©olve&t sf© r** 'o  s a i U r  cm  ©dip no £•">v w 1 ©Vo  
id,® **ol '%<£ ape f ; 11 % o- 1 *’ os a i d  t  t,** t i e  so lvent*  einc©
ifee sy:oo  c v  - l i t Z / H o  in  tba v s  o f  if©  s ir iH jw o  i s  cu a ll*  i©
sobsi ifeportsnt ewassplo i s  -tke © olid  S o lu tion  ©f eawbcm in  lr o a t t4iiok  
fossa© th© b a s is  e f  m i  ©1% w'dilat borer* and nltrcy*.# eras a lso  • 
.-foroi i f e t o i^ i la is l  s o l id  so lu t io n s  *«itU ©a:o tr a n s it io n  ©iersonis*
i s  , ■ ■-. . -
 o ,...~* txi© differ& oca in  o ca.:Xa 'd la se fe r  Waiwoen- ©oluto
end s o l’vofet j ;*yfb© 1 a r p c r  t »si  sdwmi 41 i f  &a la tf trd tie lf iX  s o lu t io n  
i s  in  ~ * r o ^ "  is  f\. s i l^ iX o fe v l  r-ulifcioa i s  on ly  foimd wfioir tiie
o o s : ; i iv ss iisim tfto ssno  u r y ts ta l .fr& ruoiure, s im i la r  e iw elo  r&clii* 
fefetl e l e c t r o  ;dc.;;ioal  ^v ^ e r - t ie s *  O&rofuX- im re s tig & tio a  i. t~  
m d  his* a s s a u l t i e s  le d  to ' t M  fonm l& tim . o f  th® ro ll©  
r u le s  ;-«• f  ., ' • ' ' . d • .
f i V. f  ~ „d*.‘*. d :>,
l&ore&slAS dirfamiao im it© diameter© of the soXuts o^ id 
solfout stone dsopuases tlie r&nyr© of o i l  , ry ©olution* t t  t.Vi® _.
disw^toare d iffe r fy ©ora tdaa 14*^ 15s* of t f a t  of tm  mtvm%l9 to© 
rcmyo d io tr i'b n tioa  i s  -©sail f i n  sued ocsos I t  i s  » 1. V < tfae ; 
els® Is uxiil /o ir*' Mo for e^tonsivo prioayy solution^
{ 1 1 ^l eot yoneyfetl ' f e ; f f e o t g -
; ' d;ho isora o lo o tro p o o ltiT ©  i s ' t h e  one coopcment and t!io
©ora- ole^tronogatiT©. i s . tn@ o th e r  'eo;jpo;:icstf tlso fjroates? Is tlio ..
'V. ■ 18^ ■■tendency to. tpma. Qmspoumda r a th e r  th an  e x te n s iv e  s o l id  s o lu t i o n s , . A ,t 
■Smell a ien ck m cy  le a d s  to . sm all p rim ary  s o lu b i l i ty *  ,: . \
V ' : {i l l )  VV-a, ^s l a t tv e  "t-loncy  E f f e c t*-
.A  m eta l o f  low er v a le n c y  i s  • ©ore l i k e l y  d is c o lire mm
■ ' . 's ■ , a  - ■ ..A . . .
o f M e tie r  v a len cy  th a n  v ic e  v i «* . - his_ r u le  its b e s t  obeyed l a  .a lloys.
' a ‘ ' - • ■ ' " ■ ' r "v f ' ' b '■ ;•■ . ■"' i  '■•■■•'. ,
o f  u n iv a le n t  e lem en ts  w ith  those-,•••of h ig h e r  v a le n c y ,
( i l ) '  R e la t iv e  S jg es  o f  4tome, . . .
b . I f  " i t  I s  assumed t h a t . t h e ' na to m ic . .dieuseter” ’ • o f  mi e lem ent '
I p „ Viren by th e  c lo s e s t  d is ta n c e  o f  approach 'between two '-atoms in  t!i@
-  (3 ) '
c r y s ta l  o f  th e  e lem en t, flusso— i-otberyy Tbafebott,. and “* t * ic l~  \a n s  - * •
s ta t e d  t h a t  i f  th e  atom ic d ia a o te r s  o f  two e lem en ts  concerned, 
d i f f e r ;  by y o re  ib n n .about lf>>« solic* *o lu  x l i ty  o f  one elem ent i n '  the', 
o th e r  bo- v os vexy " re s tr ic te d #  'M s  r u le  was deduced" from' a  • Qonsldera-tioi 
o f  th e  s o l u b i l i t i e s  o f  v a r io u s  e lem en ts  l a  th e  aonovw lent toe ta le , .  . 
co pper, s i l v e r  and go ld  3 however, n* j V o f  th e  e o l u b i l i t i e  o f  e lem en ts
■ in ' m agnssiuti end iro n *  .su g g e s ts - 'th a t  i t  may a ls o  ap p ly  to  d iv a le n t  
and 'c lilcm -m eta l® ,: , p . ; ,
' The c le o e s t  d is ta n c e  o f  appro-1 eh o f  atom s • in  .the  c r y s ta l
o:f mi elem ent I s  n o t in d ep en d en t o f th e  tyno  o f  c r y s t a l  l a t t i c e ,  I
■ u v  . ; b  ■■■' ■■■■■-■■ - ■■■
G olasefuaid t, found % t  tf  e re  Is ..a c o n tx a c tio n  o f  t h e  c lo s e s t  .
d is ta n c e  o f approach  .as t&© o '^ o rd in a tio n , number o f  th e  c r y s t a l  ■ 
.d e c re a s e s * ' B© d e r iv e d  some 'c* v ;tod  v a lu e s ,  each m eta l b e in g  
co n s id e re d  in  a l a t t i c e  o f  o s—o r l in a t io n  number o f .tw e lv e*  
unfoi’tu n a te ly -.th e . means by which h© o b ta in e d  .th e se  v a lu e s  e re
iiuosta^  1@* Indeed ' i t  i s ' to o  m o b  to  .expect; t h a t  th© e f f e c t iv e  e ls e
©f an can  -be ■ ex p ressed  in  terras o f  a  s in g le  co n s ta n t*  I t  has
. ■' . . ...;’ .; . • (5 )  " " ■tjccii suowii oy iium@«-,*.©i;hery and K&ynor, t h a t  a tom ic  r a d iu s . shou ld
both be ’©onsidere.il• in- e x p la in in g - .r e la t iv e  s o l u b i l i t i e s . - ' w-;-v ■ % ;
:, : (6) -  ■ ■ R  - . V
ftql&cchmi&t o b ta in ed  v a lu e s  f o r  io n ic  &r.:mo£«rs wiiieR. were I n t e r .
•■ ( 7 )  : :. u  ' ■
c o rre c te d  by P a u lin g  who 'used so re o n in g  ecmstaiivs- to  a llo w  f o r  th e  
d if fe re n c e s  . betw een th e  e f f e c t s  pt th e  an ion  and t r ^ I a n  on inter& tcsai©  
distance*, and a ls o  worked i n ' terras-' o f  .."un iva len t i o i  a  -eorreoticm  
th u s  being  sad© f o r  Ions which n o ssaa lly  showed 'a h ig h e r  v a lenoe? s in c e , 
'th e  la r g e r  th© charge ©a a p o s i t iv e  io n , th e  sm a lle r  th© in te ra to m ic ' R 
d is ta n c e  owing to  "the in c re a se d  a t t r a c t i v e  fo rce© . in  "the l a t t i c e ,  Hume***' 
R otkery  and *,v  ie r  showed th a t  In- some o a s e s 's o lu te  atoms w ith  an ■ 
unfavourab le  a tom ic ra&iu© would d is s o lv e  .store -read ily , th an  th e s e  w ith
a  fav o u rab le  atom ic ra&lms* because  th e  fo rm er were more "open"*.-i , e , f
(8)
possessed & relatively small Ionto radius*'Esynor -also showed that 
the pelarisahility or ©as© with which the. electron cloud is deformed, ,. 
oaa affect solubility and that a loss compressible metal toads '.to ■-
d is s o lv e  more o f  a co m p ressib le  m eta l th a n  v ic e -v e rs a ^  C o n s id e rin g '
(9 )  - "
system s o f  .unfavourable  sis©  fa c to r*  Axon ■ d em o n stra ted  t h a t  sim ple
o u te o t ic s  f o r a  in  th© m a jo r i ty  o f  system s I f  th e  e l s e  f a c to r  I s  l o s s '
th a n  3QR, w horoas above- t h i s  v a lu e  imiaieoible l i q u id s  a re  o b ta in e d ,
. / l a  d is c u s s in g  'the s o l id  s o l u b i l i t y  I s o  th e x v n ls  i n  te rn a ry
' .... . v; , - d o )  ■
a l l e y s ,  dusie— Roxhery . a r b l t a r l l y  took  a  l i n e a r  boundary a s  th e  
rd a a l  case (F ig u re  12a)*..and c o n s id e red  t h a t  a  boundary convex w ith  
r e s p e c t  to  th e  p u re  s o lv e n t ,S ,  (F ig u re  1 2 b ), ©©cured whoa th e  d i s t o r t i o n  
produced- by one s o lu te  te n d s - to  n e u t r a l i s e  th a t  caused  by th e .o th e r ,  
boaowv© © om idaries (F ig u re  1 2 c), o scu red  when .the d i s to r t i o n s  caused 
by each s o lu te  a re  a d d i t iv e ,
O ther co m p lica tio n s  in  sis©  f a c t o r  .oohsi& erat io n s  a r e  slue 
t-o ta e  eiieoxxv©  siss© o f  a  s o lu te  io n  c jing  in  d i f f e r e n t  s o lv e n ts
19(a)
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due to  tlia  d eg ree  o f  -, io n is a t io n #  T in,. le a d ,  Indium and - th a lliu m , 
a re  o f te n  p a r t l y  io n is e d  a s !  th e  t r a n s i t io n ,  me t a l a  'are- o f  v a r ia b le  
valency#*- . .; ' ’■ ...
- Ph.© im portance o f  v a len cy  e f f e c t s  in  p ro d u c in g  l a t t i c e  
d is to r tio n ® ' i s  -e le a r ly  shown i n  some -cases where em a il, ' h ig h ly  T a le n t 
atoms a re  known ..to oicpaad l a t t i c e s  when a, c o n tr a c t io n  w ould . he . 
e j e c t e d  from s iae~ f& d to r • co n s id e ra tio n s .#
. A s ' o o d p lic a tio n s  a re  so  to u s , ' i f  i s  n o t s u r p r i s in g
t h a t  on ly  a  l im i te d  number o f  a l lo y s  oonfona to  V egard, s  taw , •. w h ic h . 
s t a t e s  th a t  th e  expansion  o f  th© p a re n t l a t t i c e  i s  p ro p o r t io n a l  t o  
th e  p ro d u c t o f  th e  p e rce n tag e  ©f s o lu te  and flie  d if f e r e n c e  in  atom ic
/ a ■ • ■ ■ ■ '; i-  ( U ) .
r a d i i  ©f s o lv e n t  and s o lu te  in  th e  alloy*- Raynor h as  shown th a t  \  
d e v ia t io n s  f r o  m.Vegard*© law  - A  «C i f  - they , a re  in
th e  same Period* o r  ' A  «C (  W -  Vt» * c )  ( t - 0  ; i i f  th e y  a r e  from . 
.d i f f e r e n t  P e r io d s  o f  th e  P e r io d ic  Table* where Va, Fib a re  th e  v a le n c ie s  
o f  th e  s o lu te  and s o lv e n t ,  - e r e p re s e n ts  th e  num ber'o f . v a le n c y  e le c tro n s  
p e r  atom,- and e s i s  a  co n s tan t*  ■■'■'. , -
f i l l )  r ic o tro c h a -d o .’il  R ffec te*
F ig u re  13 shows some o f  th e  ia©re -oommon m e ta ls  in  o rd e r  
o f  © le o tro p o g l t iv i ty ,  'th e  most highly., e le c t r o p o s i t iv e ,  e lem en ts  b e in g  ■> • 
a t  tlx© b eg in n in g  o f  th e  list,Hum©-Hoth@ ryf s. second  r u le  s t a t e s  th a t  '.-..
• extem dv©  s o lu b i l i t y  betw een element® w id e ly  s e p a ra te d  in  th is '-  t a b le  
i s  most u n l ik e ly , ' a s  th e r e  i s  a  s tro n g  tendency  f o r  th e  s o l u b i l i t y  
-1© be r e s t r i c t e d  by th e  -. fo rm atio n  o f  in te x B o ia l l ic  compounds# '• .
( tv )  The .R e la tiv e  V alency E ffec t#  -. . . '
I n  © e ta l l io  bonding , p o s i t iv e  io n s  a r e  lin k e d  by. th e  
in te rv e n in g  v a len ce  e le c tro n s#  P e t a l l i o  s t r u c tu r e s  a rc  more to le r a n t
o f an e z e e ss  o f  such e le c tro n s  th an  a  d e f i c i t , . a n d  th is - ' f a c t  i s
h ita iu a
P otassium
Sodium
B&ritst A’
Caloiisa
magnesium
A li^ d rto n
r.cmganos©
Zi no
Ohtomlvm
I ro n  ■
C sd a im
C obalt . . 
XTickel J
T in '- / '
bead
'M tim ony 
Biaimth"'-- 
I r s e a i e  
Copper ..A 
M ercury ■ 
Silver. .: 
FX aiim a  
Gold;A :
F ig u re ' U Electromotive - Series
A ; :2 i\  -
b a s is  of th e  r e l a t i v e  v a len cy  a f fe c t*  ,
■ ~ ' I t  sh o u ld  be n o te d . th a t  th e  Huae^Rothery .ru le s  wore • - '
deduced, m ainly  fo r  m onovalent: so lv en ts*  and a re  o f  l im i te d  a p p l i c a t i o n '.'
to  m e ta ls  o f  k ly ’ valency#  v . '.
hr) Types o f  in te r n e  l i a t e  Phases# ' '' . . ."  .•
m  E le c tro n  Cotepounftg*. . . ’ - '
: The' o c c u rre n c e  and. l im i t s  ©f hom ogeneity o f  in tem e& ia i©
phases a rc  o f te n  governed • by  th e  v a len cy  e le c t r o n / ' 'atom r a t i o ,  which
' ' : '( 1 2 )  
i s  a lso , th e  l im i t in g  f a c t o r  i n  many s o l id  so lu tio n s*  Itaa*~2.©thery
f i r s t  o b se rv e d 't h a t  th e  co m p o sitio n s  o f ' many in te x m e d la te  p h ases  i n  
d i f f e r e n t ’. system s co rrespond  .to  on© o r  .o th e r  o f  th r e e  v a len cy  e l e c t r o n / :.
atom c o n c e n tra tio n s , '' which' a re . r e s p e c t iv e ly  3 /2 , '. 2 l / l '3 f ; end 7/4# 
Subsequent work h as  shown th a t  in  th e  m a jo r i ty  o f e a s e s  - t h e ' c r y s t a l  
p a t te r n s  o f  p h a se s ’ w ith  th e  same e o n o e n tsa tio n  a r e ' th e  same, f o r  ; 
example ' /  , ■ ." ■ ' ■ ■:
( la )*  Body-* C entred  .Cubic ( /^ B ra s s )  S tructu re .#  ' ,
E lectron /A tom  r a t i o  3 /2  . . - .
■ -{C% Ag, o r  Au) Sn, CuBe, Apggfc, CujAI, C u j n  e tc * f-
. ■ 3 .. ; ' J
■ " , . .(lb)*. Co "xlex-C ubio (^6 Manganese) S tru c tu re *  A
. ' E lectron /A tom  r a t i o  3/2
(Ag o r  An) 'A lf Cu_S±, ©to-** . ■ ^
- ** ^ ;
( l c )*Hexagonal C lose  packed S tru c tu re *
•Electron/A tosj r a t i o  3 /2
■agCd, CU'^ G©,. Ag^So*. \
( i i ) » Complex Cubic ( B rass).-S tru c tu re* .
E lectron/A tom  r a t i o  21/13*"-• • . /
s v
(Cu, Agt o? Au)^(Sn © r-Cd)g# Cu^AI^, C u ^ S n ^ ,’ e tc  /  .
{ Hi )  m l ( . i r - n m i . i f
.' , - vX^^tr&n/Atom r t t t c  7/4■ ": ' '
.- /  (£u* %  ©2? Am) (An ©£ a i } ^ /  C n^m 9 ©to
S’&ofio ©mpoimde have a wids range of !;«aogetieity, €;ad thcrir 
dependence cm eleetx^si/siors .ratio Is further Illu stra ted  by the 
fact la s t tl;e r&ngoo of oompealtion v ah they ©xiai ew  of fen
pyeportio im l to  th e  v&ienoy ©f th e  mmlwtm l a  say  id w a  oolveni* I t
(13) ■
was f a r th e r  ®kmm by R^edlcy-and Gxwgory f a a t  in  te rn a ry  sy o tess
e le e t r s n  ©osspounds sx e x is t#  . V • ■
■ . :. i’e se e  th e  e ta M I ity  e f  a plins© iss oaXy © lig h tly
dependent, upon ib e  d is tr ib u tio n . o f  it a wto, m in  ..-the ©tom e s i t e s ,  
&M dsBeads rufcher upon fit© e l  „©» ecm svatratlon mwi t  :s p attern  
o f  the atomic* s i t e s #
. i l l  h m s s s  P h a s e  a »  .
T h m m  &r© b&©@& ease t l i l l y  on th© ©is© fa c to r
consideration.,. t lis  g so sie tr lo a l peeking ©3s h c h x i  tk #  ©veiv*.
r id in g  oonsldfeim iioa, a lth otiift c,*, u eon io  f a s t e r s  e&anot b© w@:r~ 
looked* Thre© faaclcaxsntal types o f  hares peas# have -been observed,
o 'g rs i ■.lliBing- in  t i c  ‘\,7 a .., ■ h g fs ^ , ' and ty p o  o f  © iraoiur© *x ■ . r  1. h_.. ■ ■ -
• :’ ( 3 )  d v m g l  ' h t y t c t u y e a . # ; -'
• Ik s n l d a l  c (reca ll#  atraetu ra  feao a . .  h B x n g o m X  
oiose^aaofced l a t t i c e  ©£ t i e  u c t d l c i d  &to&% w ith  th e  tr a n s it io n a l  
isotal im t!i® o e t a t e lm i  I n te r s t ic e s *  dale* ty p o . o f  • gtruofe&ve- o ften
a a h lh lts  a w lf#  rang© o f  .Uosao^cnoity,- allkonnli listoropolai? to ­
rn ta?©* . ■
/  S  \  ' bs ■, T > ,, -, ”a e * ♦**» ( i  a r c  14)
a - .ftos© ar© sj&tnly lo n is ,  h a d  . inolu&e th e  ©expound©
* f  1 #  h , i s ,  . / r . / ' a ,  a © I . h g Qt s ,  h a v i n g  t h e  f s s . w a l £ - r  t o  b e  © x p o o i e d'S' *s 1 ■- .
c r o n  t o o  x 1 v a l o a e l ^ s  o f  t h e  e l e s s a t s  o f '  ; u « a a  i *  C k m p o u t t o a  of'
22(a)
fluorspar Structure 
f i g u r e , 14 .
Wurtzite.
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Sine 'Blende and Wurtzite Structures 
Figure,15*
t h i s  tyj>@ &a?©- often form ed when one ©leiaeni i s  very electro** 
positive compared with the other,.. and they may he. regarded a® the 
;result of an ©leetroekeBiiesl factor* Mott and Jones have suggested
th at they are fuil**sen© oompounds* . .. . .-■'
f5) S ine  b len d e  and b t o i s i t e  S tru c tu re s *  '{F igure 15 •)
. Previously it lias ’been amtioned that diamond is one
'immense aioloonlo in which -each atom exerts .its normal valency of four, 
sc. crystals with’ this, or.a similar, structure are formed by ...., 
ooshisations of atoms, provided that: the -&v«r n number of valency 
electrons per atom ie four, The &iao 'blonde wurtzite. structures 
are characterised by each atom having four neighbours arranged \ 
tetrakfdvally  ^ ihis type, ££• structure is formed by /a whole series of 
compounus, such as GaAisf - Cd$e, -and Cu3.r, in which - the characteristic'. 
■is that there .are eight valency electrons to. two • atoms, so that the ; 
rati© of .four valency.electrons to one atom is’ preserved* . Some of -/ 
these oo -w 3 *ds show metallie properties, ©ad, just- as in the case of" 
the. ionic and metallic bonds, we oamiet draw any hard fmd fast line 
between the metallic and' sexvalent linkage, and it' is vary probable
that in many inters©tallic phases forces of a partly ca**valent nature 
are • present*. ■ >■;,- '
»n a  £•
p h s a i o t a a  ; - / n -- -vV  : . . . . . a , - - . . . . ,A ^  ,  : , ■ : ;  , .
{&> Ah© M r ry  Bystem Tin-Cadmlum.
S c h le ic h e r  found in  h i s  s tu d y  o f th e  fin-Cadmium 
system  found th e  com position-’ o f  th e  e u te c ti 'o  ■ a llo y , . to  he: 67*6. at,-A 
t i n , . and o ccu rred  a t  177°0* He r e f e r r e d  t o J | .t i n . an d ,-s ta ted  t h a t  i t
h o ld s  a  c o n s id e ra b le  mmmn t  of- eadaiu ii in  s o lu t io n ,  hut. t h i s  i s  A 
c h ie f ly  . • g iven  up: a t  127^.0  on c o o l in g , : when J  -tin  changes to/'-b t i n
which has a  s m a lle r  s o l u b i l i t y  o f cadmium* ho compounds wore found* -
( 1 5 )  :
h e ro n s . and Flucabrldge - ...considered ■ th e  © u tec tic  to  - oeour
a t  29- at*$A- cadmium,: b u t ag reed  w ith  th e  tem p era tu re  * .Also th e y
- 0  : ■.■ ■ - . . . -rem arked on a  therm al - o f  f e e t  a t  120 • C, and. th e  p o s s i b i l i t y  o f  a. ve ry
. A. . o
l im i te d  s o l id  s o lu b i l i t y  a t .  each  end o f  th e 'sy s tem *  ..; -
(16) ■ .A . '
,'....:'..-. G u e r t l e r .; w - - • was th e  f i r s t ,  to  '•observe th e  n o n -e tu il ib r iu a i  
appearance o f m io ro s tru e tu ro s :in  a l l o y s ' c o n ta in in g  about 5r o f  A 
cadmium* Ho e ta te d  t h a t ’ th e s e  m ic ro s tru o tu rs s  resem bled  th e  .tro o s tic - .. 
appearance o f  c e r ta in 'q u e n c h e d  s te e ls * ' w '. .
■*. ' .■ : ( i t )
-. - ; B ucher :. ; m easured e le c t r i c a l '-  p r o p e r t ie s  and compared
h i s  . r e s u l t s - w i th  t h e ■©!© re s tru c tu re s*  Ho found on - h i s  c o n d u c t iv i ty y
. . . .  ~  • ■ ' " ' ■ ■ '  ©  ' ■ ■ - 
m easurements.'.t h a t  d i?■ co n tin u itie s , occur, a t ' 130 0 which' were n o t ..
found in  th e  pure metals,-: o r . in . a l l o y s . c o n ta in in g ' more th an  97A tin *  '
Th© fosm ©f th e  c o n d u c tiv ity  and ©*ra*£.*. curve© . in d ic a te  t h a t  t i n  ho ld s
a o o a t 1 c diBlurn in  s o l id  s o lu t io n , - a n d . s im i la r ly  w ith  cadmium in  t in *
h io ro sc o p ic  exam ination. - showed, t h a t  th e  s o lu b i l i t y  o f  erd, iim  in  t i n
f a l l s  a p p re c ia b ly  w ith  f a l l in g .te m p e ra tu r e *  : •
(IB)
• y. Fuchs-;, . .conducted ex p erim en ts  on e l e c t r o l y t i c --■
m easurem ente., .The- .v e sse ls  f o r  til© e l e c t r o l y t i c  m easurem ents co n ta in ed  
a so lu tio n , o f  & s a lt-  of. on© o f  - th© K jeta is, eoaled -up ' in  aa atm osphere
o f  hydrogen, • •"or a l lo y s  -of - t i n  -w ith -cnX-du .-, -the sec o n d 'e le c tro d e --■
was osibailum, and th e  e l e c t r o ly te  a  normal s o lu tio n ' o f  cadmium su lp h ate# ' 
a l t  f i r s t ' t h e  e«su?«9 observed  p r a c t i c a l l y - t h a t 'o f .  t i n  a g a i n s t . cadmium 
when' the- a l lo y  c o n ta in s  m inute q u a n t i t i e s  o f  cadmium* Fha. cu rves 
o b ta in ed  ag reed  aap ro x irsa fe ly  w ith  th e  e x i s t in g  e q u ilib riu m  diagram*
'■* . . a n  ; .: ; - :: "
. . C la ra  d i  Capua determined.- th e  lia re laesscf the, tin-oarM .um  - 
a l lo y s  a f t e r  s o l i d i f i c a t i o n  and th e  r e s u l t s  showed a  sh a rp  maximum
a t  63 cadmium,*and rem ained c o n s ta n t betw een 23^988 o ^ d l o a ,  hu t
.o- - . . . -■■• " : -r- ■ V .
a f t e r  330 hours a n n e a lin g  a t  IfO  Cf in  agreem ent w i th .th e  .eq u ilib riu m  ■
diagram , co rre sp o n d in g  to  th e  s a tu r a te d  s o l id  s o lu t io n  fo r  which ;-
Buoher had on ly  found 3Ag w ith  a l i n e a r  'd im unition  down to  973 cadmium,
th e  com position  o f tlx® second' s o l id  ■ so lu tio n *
; Y . (£0 ). ' - .. : ; •■■ , ". ;
. - -Hremann : M easured th e  e l e c t r o l y t i c  p o te n t ia l  o f  th e
te r tia ry  a l lo y s  o f  le a d , and cadmium w ith  t i n s u s in g  ■& m ercury e le c t r o d e ,
and th e  r e m i t s '  c o l l e c t e d ' in ' t h e ’ form o f a  te rn a ry  e q u ilib r iu m  diagram* ,
_ ( S 1 )  ■ ■ ' . . . ■ .
-hedorof£■ ■ stowed t i n  in  th e  cry © ta llin ©  s t a t e  .d is so lv e d
about -10, by w eight o f ' cat rt3u% h i t  oWmdum' In  • th e  c r y e t a l l i n e  s t a t e
does n o t- 'd is so lv e  tin *  By v e ry  s lo w  c o o lin g  th e  c o n c e n tra tio n  can - .
reach  243 cadmium* The e u te c t i c  a l l o y ,  .which i s ' e  osed o f  th e  .• solid.'.. •
'■' • s o lu t io n  ‘ of- cadmium l a  t i n ,  rind o f  p u re  oodzaiuca, c r y s t a l l i s e s  -
® tl7 7 .C .f i t s  o p p o n e n ts  b e in g  708 't i n ,  and 30 ' cadmium*’
_ v  , - (22); ... :. ; ; ' ' A .A,,: ... •
fa* X© h lanc B;a © xm ainstica ’o f  th e  eq u ilib riu m : -
c o n d itio n s  o f th e  tin-HS&daiiuia a l lo y s ,  s t a b i l i t y  was assumed to  have ’
’D©on oot&ined/ when th e  teigperatiiro-** e l e c t r i c a l  r e s i s ta n c e  cu rves f o r  
b e a tin g  and co o lin g  v e ry  s lo w ly , %irer© .co~inbid© ttt» fli© a l le y e  were 
a ls o  examined m le ro g rap n isa lly *  In  th e  t-in—cadmiui'a system  th e  ' compound 
(;<isn4 from th e ' .so lid  mass below X30°C* The s o l i d  s o lu b i l i t y
Ox t i n  in  cadmium Isa v e ry  - sm all a t  any te m p e ra tu re , w h i l s t  t h a t  ’ ©f
' ' ‘ ' *> '■ . .' 26 
eadsaiu® to  tin -  ftom- 2*5 ^  * 5 -20 0 »- t© - 5 at*^, a t. -
t j0 % 9 and a t  X15®0* Wt ^^pounds ©ximt a t i i s p m f e f e s .
at>@w 130°O* ■
■ ' ■ ( 23 )
Sioonial®  in  Id s  w*sls'..©a e u te e i ie a  gaT® th e  , 
oou^oaltion  ©f ih© e u te c t ic  as 32*3 wt*8 <5  ^ oss tau oooXlftg outtre 
d©tc~ v, ©% and 31 *S wt*y ©aluvui on t*e mating cum*
(24)
. f,s isatiofiia  and Ayo^cvn d e a lt  w ith  in© ©Image o f  ib©
w"’! ( hw eo0 .fieient of tnurdntnu la dependence on ih# ©o&poeiiiUm
of the Id 1 -> alloys* fhe BgL«oll var found &t. 18 £* 63 $#
• t l5 Q0f I 155"Q$ th e  s*eeuXt@ im-m found to 1# e i a i i a r  to those
identic n^des? a llo y s*  l a  th e  lin^ud:i;;G-©ye&iLi th e  h ig h est
te£$ea&tuse eo-iffioieat was n o t - observed fo r  the ©uteetio 'a llo y  ©a it--
wag! w ith  ib© aino—i i n  and ginsxss r  ^ 3 s y s iu  o* *
( 8 5 ) '
,.. Mutiiy£©a iirsreetigaicd tho'eleetrie&l ix rd a tu n o cf t im s& I 
ei^ansio%  i i m m ®  »«!&»?«» t h k m i m X  r * -aray a n a ly s is ^ .fa i le d  to  r m m % .  
the exlstsnes of the ra .4 ©t tin at the
a ©
x v . * m # T t ®  m iiae ioM  «.xxusf o&s&tien a t. 138 C i© n ot ea e© 3  
by the toomfoasaatloii of tin* Sx© Ofuililuda 3 diayraa of ih© tia»fflc& 
aid® m s  s?evi$®& co n ta in in g  a $&&£• f i e l d  o o n e ie t in g  o f  two e©.^
©olid- oolu tione* sim llai? t o  t l i s t  which #:id©ts i n ' th e  Al^ininm «*Sino . 
■©yri^-v Ho oMaiaacl a rain© o f  X*2£ oadjsima for-.th e l im it  o f  so lu t io n  - 
o f  .. f b i a  ia  t i n  a t  room- t@s«>emtn*ra*
■ ' ' ( 2 5 )  ( 27 )
:• ' ktmsmn and - fo ll^ a lp o lo  undertook a da ta iled
& z m o x m x % m m  o f  tha ry*ttr.i by m iea^grephie, tb e r  r .l  an a ly sis*  Q rln eJ i .;
and © lo s ts io a l ^asiatane©  aoaoum ionto* ffeay a lto ro d  th® 
t ia - v ia a  and o f  d ir  d i  ay cun i  w ita  th e  id ea  o f
conjugate e n lid  sol-utiouB,, diso.rrc*s>in g  .that Quart l o r  c i ie ro ^ tm s tn ^ e
oa3n?aap0iiia to an ■unat&bl'® •■ iatessaodiate pliaao in the system* '
... - .. • - r - . '"  ■■■■ ■ w-. - - - -.. 27
~ni *ei ^  e* e diagram is shown- in Figure 16. ;5%© cadmium
end of the ■ diagram, is is agreement with the work of 'Stookdalet 
who found that ihs solid solution, of tin in cadmium (J ) eouia
dissolve tip to 0 *25. wt#;C tin at the eutectic'■ temperature ..The dotted .
’ i  . ■ r .0  -a''■
line ia Figure IT corresponds to therrsal arrests at 170 C* observed.
by Hanson and Pell-^alpele in cooling'Curve® ©f cadmium-rich alloys*
thee© arrests ¥/©r© .attributed- to., a sudden in the solubility'
of tin ia oa&alun at that temperature*
Tk@ Intexoediato {fb> ) phase in the tin-rich part of the1 
diagram form periieetically on oooling* at 2 2 ^  O* if equilibrium
.. . ■ - ■ . n  - ■ - . - . .  ..
is attained*. It decomposes at 133'0,** by a eutootold reaction
The phase is • never completely retained* wen after drastic quenching.'
' ■ ■ ■ . '  ; ©  fhe maximum solubility ©f cadmium in tin is about 1 wt.pt at 176 0, -
and a composition of 32«23 of eBdedu% a eutectic form® between
the solid solution' and" tli© ^  phase. ' : ....
The electrical conductivity measurements performed by
(27) . ■ \
Jianson asd Pel"1— ©Ipole were in vesy ©lose agreement with . their
micrograph!© and thermal analysis - evidence'. for the positions of tk© 
phase boundaries. They noted a linear increase of resistance iso-* 
thermally across the cf-—phase field representing- the solid solution
-of. cadmium in tin* followed by. a -linear doorcase across-the (dC-f 3 } 
field until the («Cf3)//b boundary is reached* Thefefield is
©haracterimd by a shallow curve* giving a maximum resistano© near
the centre of the • field. If tor crossing the,. 6 / (A*J) boundary the.
■ - *'■•
resistence-cowipositio-n relationship again assumes a linear fora* the 
resistance decreasing gradually &a the proportion e? cadmium in th@
alloys is. increased. . '•
■ r> (29) : ' ■ ■■ ■ .. 'uOumk? and mXummer . also confirmed* that tin did not have
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& lo o a if io a iio n  a t . h ig h e r  tem p era tu res*  A lso th ey  ©keeked th e  s o lid u s
o f  th e  tin~oadio±um system  "by a  s e n s i t iv e  method dependent on th e
em b rittlem en t induced in  a l l e y s  by imoes- o f  l i q u i d , • and t h e i r  r e s u l t s
su g g ested  ti3.ii t  th e  p e r t t e e i io  p o in t  f o r  th e  reaction /t^JL + liqu id  was
0«5 wt* n e a re r  th e  t i n  end' o f  th e  ’x 2 th a n  g iy e a  “by Hanson and '• .
p@Xl~WalpeX©* They a ls o  'g ive th® oadialum o f th e  ^  p h ase3 -5*2/*
a t  th e  e u te c t ic  tem peratu re*  T h is f ig u re  i s  again-'0*b low er th a n '
th e  co rresp o n d in g  v a lu e  o b ta in ed  by Hanson and Tell*** W alpole* S in ce ''"
th e  p e r i  too  t i o  and e u t e c t i c  .tem peratu res  a g ree  in . b o th  o a s e s ’
d isc rep an cy  _canno t ho stu© to  im purity*  h u t no i, X X s  giiren*
.  , 1 3 0 }
vnon©  j^y speo trososp i©  d e te rm in a tio n  o f . th e  s o lu b i l i t y  
o f  oadraium in  s o l id  t i n  found i t  to  bo Q*3XjC« .
(h ) ' fh© b in a ry  system
(31) - ’ '
-  Curry - ,. found t h a t  th© a l lo y s  c o n ta in in g  betw een ?  and
99y s in e  co n ta in ed  e u te c t i c  w h eth er © h ill e a s t  o r  - annealed*  Sfee* a l lo y  -
c o n ta in in g  99k jsino had - tr a c e s -o f -& second ' pha's© betw een la rg o '
« 0  -'  1 yc r y s t a l s ,  which d id  n o t b reak  down on a n n e a lin g  a t  1©0Q; 0 fo r  I f
months* A ll- a l lo y s  c o n ta in in g  5 $  and l e s s  o f  ,-sino war© homogeneous-
w hether c h i 11 e a s t  o r ‘annealed* 'A f te r  a n n e a lin g  a t  180 0*# th e  7$-
s in e - a l lo y  was homogeneous* --1' "' -; y -  /-
(32) . : ,
y  A m em m m  y  i n  h i s  p ap e r c m  ^ T h a  e f f e c t  o a  t h e  m ic r o - '
s t r u c tu r e  o f M ae caused by ©mall ■ q u a n t i t i e s  of oaeiaiuis, t i n ,  e tc * ,  0 ' 
found Ills  r e s u l t s  o b ta in e d :by • theim&l sa lH qId  cgxoc d w ith ' p re v io u s  
w orkers end th e  "presence o f  " e u te o tio  wa.© d e te c te d  in  an  - a l lo y ."'
* c o n ta in in g  0*1 A :
■V; ■; ■ -'■ ■■ (15) ' y
y Lorens and P lum bridj© ' . ■ gave th e  © uteotio- tem p era tu re  
y  o '  . ' ■ ■ ■ ■  '
a s  199 0 *,. and - ill© com position  13*5 Wo l i m i t s  o f  • s o l id  s o l u b i l i t y
were given*'  ^ y  ;• . . ,-,'y- .-a.y -
( 33) ■. • . .
. jpucha _ confirm ed e x i s t in g  r e s u l t s  by 'm eans - o f  e le o tro ly t l©
measurements* - y  - y y - . ' y  "
"  : C34) . y  (35) ;. ;
Jtearoo». a &n& €r@p&% found ' t h e i r  r e s u l t s  ag reed  w ith
Aorenss &b& Plumbridge., and Homer and yiu&o&er, ', - f o r  th e  e u t e c t i c  
tem p era tu re  o f  199 &$■ h u t  Grepes m en tions - 5$ of' s in e  may ho p re s e n t
In  s o l id  s o lu t io n  w ith  ■ tin *  ' ■■'-■: ■ ' ' h----:.,
,  , (36> -■ . ■ " . . y b a l la u  ha@ -.shown that* th e r e  i s  a  ssj& ll’ d e v ia t io n 1 from
th e  l in e a r-  r e la t io n s h ip  o f - c o n d u c tiv ity  end ’com position  n o n a a lly  ::
«xp@ot»e<x.- in  th e  % wo—paase- re g io n  o f  th e  diagram® - Ho o b ta in ed  a  s l i g h t  
pOvmv in  th e  v a lu e  - o f  r e s i s ta n c e  a t  th© com position  o o rre  ©ponding -to 
th e  e u te c t ic ,  whleh Im .a t t r ib u te d  to  th e  f in e°  d is p e r s io n  ofepfm sos 
e o s t i t u t i n g  a l lo y s  which were e n t i r e ly  © u teo tife ro u s* .
-  ; {24} ■ ■ ; "5 0 ''"  ]
. so liiso liek ia  and Agejewa . d e a l t  w ith  an in v e s t ig a t io n  ;
o f  th e  change: of ik e  /•iemoer&ture-- c o e f f i c i e n t  o f  hardness, i n  dependence ; i 
■on th e  o p p o s i t io n  o f  b in a ry  a l l o j s ,  the; ©cmpmehie. o f  w hich do. n o t ;
fo ra  chem ical compounds* The B r in e l l  .hardness-'num bers were de term ined  - \
' T . o ' •
a t  t h e ’fo llo w in g 'te m p e ra tu re s | IB C»$ ?Cf C»? 120°C*f and 170 CV .‘ffc® •
■ ! " - ■ < 
a l lo y s  were c h i l l  cas t*  annealed  f o r  80 to- 10G hours-, j u s t  below the- . v. ,'-
e u te c t ic  tem pera tu re  an d ' cooled  in  th e  furnace*, 'fho  r e s u l t s  given. • _ i
• --
were o f  th e  form -haxdness—c o n c e n tra tio n  iso therm s*  th e  shape o f  which j
; ■■' - ■' ’ ‘ ■ ■■■■/. ■ . '■ ■ -V ■ ■ id i f f e r e d  acco rd in g  to  th e  system  in v e s tig a te d *  ( i  *.-©*, w h e th e r . s o l id  j
s o lu t io n s  wore formed 'o r  n o t)*  The log^harclness^ tem perafu re  c u r v e f o r  . s 1
■• - • ’■ - '  ' -i-' ■' 1 f  ;
a- g iven  a l lo y  was n e a r ly  a  s t r a ig h t  l in e *  The tem p era tu re  xc o e f f ic ie n t
't* V  . - T T  ^ \
©£ h a rd n ess  |«C * - -~—   C o f  th e  a l lo y s  was g r e a te r  in a n  t h a t  o f ...-;.
th e 'p u r e  m e ta ls * ' l a  t h i s  system  t h e  h ig h e s t  tem p era tu re  o o s f f io ie a t  was
o b ta in ed  f o r  th e  e u te c t ic  a llo y *  ; .
(37)
• Tammana and Koo&& determ ined  te n s i l e ' s t r e n g th  ■ 
tem perature , c u rv e s .o f  m e ta ls  c o n ta in in g  sm all amounts o f  a more 
f u s ib le  c o n s titu e n t*  . the. m e ltin g  p o in t  •©£ th e  - l a t t e r  i s  - c l e a r ly  1
in d ic a te d  by an ab ru p t d ec rease  i a  t e n s i l e  s tre n g th *  In  ik e  t i n —Bin® 
system  t h i s  was shown to  o ccu r w ith  0*1/1 t i n  { -rep resen tin g  0 *03-7?- o f
e u te c t ic )*  F igure- 20*
: ■ ; v (38.) ■ ■ ■ ' ■ " a
.... b lo n d e! and L a f f i t t®  c o n s tru c te d - .th e  diagram  shown in
.Figure Z9$ and - i s  th e  g e n e ra l ly  accep ted -' on®*
• u©me3? and, Plummer*. '-.= found th e  e u te c t i c  . tem p e ra tu re to  ■ ,b©
l>!d *3 s* # . and used  a  method v e ry  s e n s i t iv e  to  t h e ; small. Aisouiite . ©f
l iq u id ,  to  determ ine t h i s  valua*
.the cC s o l id  s o lu t io n  o f  ;sinc in  t i n  v a r i e s  o n ly  s l i g h t l y
w ith  tem p era tu re  below th e  e u te c t i c  h o r iz o n ta l*  W t  no e n t i r e l y  
s a t i s f a c to r y  d o te rm in a tio n  o f th e  l i n e  o f th e  oC so lid . s o lu t io n  has, 
o©ea published*  T allies g iv en  f o r  th e  s in o  c o n te n t o f  th e  «C phase  a t
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the. eu
gero*
teotio-temperature- '^-the• abo-v®^ workers- vary 'between 2*5f- and 
ea, is im nontton 'of' &ny B o l u b i l i t j  o f  tin : in -sine . ; ■
" a ■. . ; ; / ' 3 a
/ c ) fa© Miiasgf system  Cafeu p ^ a i s o ' .
• $&» v e e o lte  mi 1 I s ^ e e t ig a io r s  oa th e  e o n s ii t ia t io n
o f  th e  ©a&tta*- s y s t o  ia llcsa i©  th a t  th e  system  i s  a  eisapl©
y;- ? (39 ) .
© a ie a tlie y a a s  -one* $eenr& in$ to  3& utie?t  wtio f i r s t  d e s e r i t e l  t i e  y
system , th e  © sieo tio  a l l o y  ocnrtaisw 93 ' of. ca£;aiusj mwl f r e e z e s  ©i 
o
350 0 , ffeosa' fiy iy© 0 ho s o t  a g re e  m i l  w ith  e i t ia r  in v e s t ig a to r s *  '
(4a) g
lleyaoofe m i  * m il l© ,  \ g r m  *5 ' C 9 ism  the f r e a s ia y  s o i s t  o f  the
s a te o t lo  a l lo y  whiali th e y  twmB. ■ z® c S u s a  a » 1 o f  •esdai’om* e  *
(4i)* ■: * ©
_i m s  g iv e s  by Sia&rieh© . - S to  C, escl 8? ,5 , of. c a d s ta a ,
J$o*» xvoent f i b r e s  p o in t  to  th e  e s to o t i a  te m p era tu re
- “ ■■ ■ o . - - ■■ (4 2 )
heiisy d i s t i a e i l y  low or t mm 210 0* Baroei' saS  O eailoriaissi gave 
- . ■. . o  ■ ■ ■ _ . .
f ig u r e s  f a r  trca ,x  t i e  a l lo y  a© 0*, ami 82 ,4 5  o f  cadmlosu ■
<32) ‘ .' ..'
£;-y.5°C** f o r  i a e  out©©tie tem p era tu re ,. w h i l s t
, (15) o'
t m v m z  csd  - Xm ferlij©  ■ rfrva g&3 8 ,
'■ At t i l l s  © tags t l o r a  see; c l  to  b© f a i r  Gg$&wam&- ©onoeatfin#?
(43)
tlie  ©o :ro B itio a  o f  tSi© outc-ctl©  e l l o y ,  whicslt m s  tak e n  by  Coofc •.• .
t o  1>o 82,8, o f  or 1 'iurcf 1 s t  fee m s  s o t  s a t i s f i e d  w ith  t h o , f i «
tw p o x atu r©  vdiioh m s  found to  xmry a o s s i lc r a b ly  l a  ife.@ d i f f e r e n t
in v e s t ig a t io n s *  Ho th e r e fo r a  ja - r ’a t c r  x ao i th e  ■ tem poratsire ©f
f m e v la y  t:?.C th e  e u to o t le  'fey ©feooviuy sis©  a l l e y s  betw een 74 s a d  909
o
o f  c u l c i s e w  c?f m uim  v® 'arrest© - a t  265 8® and th e  rem ain in g  
fe e  a t  264,  $°c*. . ,. .
- ■ ■ Thm f i r s t  ©o^grehensiv© d e te rm in a tio n  o f  th e  f o r a  e f
  y ;■'" . . ( 4 4 ) ' ■- ' ■
tv© £ 5 k ^  w is tn&t m  fe ©meins, - and I s  ehcftvn l a  F ig u re  21 , H is
v 1 t x o r txi©. oo&poo&tiou ♦ kh& © u teo tio , if'Is.,, "17*49- s lt ta  fey w e ig h t, 
I s  i a  a y m e m a t w itli %h® 'l a y s  o f  l a t e r  sosfef
I s  g^rneiai agreem ent os th e  e a t s o t i a  tn ^sp era ta re  266@€« 
a t t r i b u t e d  oiiasyes in  %%& d i r e n t ie n  e f  th e  to x n d a ry  o f  th e
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x Grube and Burkhardt.
33 .
o f  th e  s ia o - r io li  s o l id  s o lu t io n  to  t k  o ccu rren ce  o f  two a l lo t r o p io  . . 
m o d ific a tio n s  .-of- th e  m etal*
- (46) ■■■■
" . Bingheoa, . u i .w i th  t h i s  hut. i t  h a s ' sine® been proved .
- ( 4 0   ^ C 4^)
i«p.oTTeot by X -ray work UvJ» a s  t h a t  o f  Piero© ' and Freemans
,  =. - - (49).
and by  e l e c t r i c a l  ccn & u c tiv ity  o f  B e n e d ic ts , .-‘rh e re
has be-en no d i r e c t  m etallographx©  ©irideno® o f  t a e x r  e x is te n c e  * lb© 
diagram proposed by Je n k in s  seems t o  b© Quit© a c c u ra te  a p a r t  from
th e se  considera tions®  v .
The. q u e s tio n  o f th e  e x te n t  to  which ^ o l id  s o lu t io  s  ar© 
formed in  t h i s  • system i s  one on which th e re  i s  some disagr©©m©nt.*
. • :■:. ■ ■ a n  ; u nXn th e  a l lo y s  o o n ta in i:;g  1. z-ino and 1 ea&miura [lindx’ieb-sjj found
in d ic a t io n s  o f  © u tcc tio  b o th  th e rm a lly  and m ic ro sco p ica lly *  A ccording 
to  /  x ao x m i s ic e  h o ld s  l e s s  th an  l a  o f  cadmium in  s o l id  so lu tion®  
Lorenzs and fluiabri& ga d e te c te d  th e  e u te c t i c  m ic ro s c o p ic a lly  in  an ,
a l lo y  c o n ta in in g  1. o f  s in e* '
; ;■ ■ ■ ■': ' (30) X ;• . i ; ■ ' , ; a - ” \
i ‘u sc iiin ? ■ from p o te n t ia l  Htcuc<ir@ments concluded t h a t
. cadmium can d is s o lv e  1 a t* ,  (4*18 w t« f)  o f  s in e*  A ccord ing"to  Ourry 
4F z in c  w i l l  d is s o lv e  in  cod^dum,' a a l  3 o f cadmium• in  • z in c * •.
V alues o f  th e  s o lu b i l i t y  l im i t s  g iven  by Grub© and 
. -  ■ (51) . - ■ ■ -  V  -X/ :. : X ' -
.Durkliardtj, ' were o b ta in ed  by e l e o t r i c a j  m easurem ents and a re  shown
in  F igure 23* to g e th e r  w ith  Jen k in s  and Stook& ale*s r e s u l t s * ”' Th® 
s o l u b i l i t i e s  g iven  by t h i s  method a r e  h ig h  a t  b o th  ends o f  th e  •
diagram* In  th e  id e a l  case* e l e c t r i c a l  c o n d u c tiv i ty  v a r ie s  l i n e a r ly
/ .  v ' ' , : : :  ^ - (52) ;
w itn  com r>osition. a c ro ss  a tw o-phase fie ld®  Glasunow and fatw ew ,
■ *"•" . -•" ■ ■ ; s ' “ :such a r e la t io n s h ip  f o r  zihe-cadaium  a l lo y s  a t  2$ C*. and .100 
but t h e i r  in v e s t ig a t io n  was l e s s  tho rough  th an  t h a t  o f .Grub© and 
nurirhardt* who o b ta in ed  a- sm all d e v ia t io n  from l i n e a r i t y  f o r  a l l  t h e i r
co n d u c tiv ity -  isotherm al© * F ig u re  24* •
' Stockd&l© lias checked the limits of solid •solubility'and
gives' th e  fo llo w in g  v a lu e s  a s  w eigh t p e r  cent s—
©  . •■ ©
solubility of zinc in cadmium 1 .*07 at 150 Cp 1*5- & tl?5  0*
&$lubil2ty of cadmium in zinc 0*4 at I75°C| 2*2 at 275°§f 2*6 .at 350°C*
• i%e.sudden • change of solubility of cadmium in zinc at 3$0°Cf
is' well-established "but has not been explained* ■JBi® relative *:• -
solubilities of the t?io laetals at temperatures between 150 0 and
room temperafur© have not been extensively investigated* Jenkins
gave th e  s o lu b i l i t y  o f  • cadmium i n  z ln o 9 and o f. s in e  in  'cadmium a t  
o ' . ‘ . 1
60 0*' -Thom v a lu e s  b e in g  0*25?' and 0*75~1#0?* - r e s p e c t iv e ly *  th e  " fac t
that the solubility' of cadmium in - zinc increases' above the eutectic
temperature before finally decreasing to.zero at the melting -point 1
©f zinc gives rise to a rather "unusual phenomenon*viz•* that certain
alloys within this  ^solubility region partially .liquefy* on cooling
from the .solid state* before finally solidifying* '
(47) .
Pierce* and Anderson and van Dyck, measuring electrical 
resistance of.alloys for ’determining the■diagram, gave exact'
concentrations ©f ilia saturated solid, solutions in relation to ' 
temperatures-' at 263°0 $6*%$ ainef at 226 0 96*93$ zinej a t  212°0 -•
97*94?-zinci. atl42V 99*®8f ssino*
■'Ph© concentration of -the ©admluii-rioh solid solution amounts to ' •
4*3?' zinc at 263°0? 12*971- zinc at 180 C* and 2*08" sine at 150°C*
• ■ . ■ (53)
' . La Blanc , found' the solubility, of sine’ in cadmium 97*5
(95b8 wt*f.) and the - solubility of cadmium .in zinc 6 at*? (3*6 
.■ (54)rifStraum&nis using electrochemical and microscopical
34(a)
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Figure*24*
oosaa, fm m I less 0*1# m&lmila ia. sis® at a?o©a
v‘»$c\i 'th is "  oysters v m  , f i r s t . i w e a t i ^ t < &  Jby 
sad rim: feicijo* plm®B -of the ©y^ te*a
was n®$ fe o ;« . to  e s is t.*  . hore&s ami flitsdbridyo £©*%,£? *lne<l
the-ternary oat sot la ter,
mtim*
flM itr ©?JUi&tiofe o f  ih® 'i i ^ u id u s  w f s e ®  i s
Xu x~nw© 23 snd ©tern <m the wlr# ®ed©l lixieli. 
w a s  j ' l i o t o £ix?£he& f i g a r ®  2 6 *  .- I t  m s  d o t o t i a i a o i  h y  -
analysis* t;say of thei# ©lleys esfidhiteft a ihoxsial swestf
parfeieulsrl^ mtioos^l# In alleys eostaialBg h®t@@©a 13 ami 
30 P®r ©©tit of ©adiaisa%'. hut dissppecriftg ©stiroiy in alloys 
eoffciaiaisj »ore than ebout 83 atcri© per eeaf-of IMg . 8&toi« 
they cu:;„c^ t@4 that this es?r©st oorrespomloct with the formation 
of v1j%| reported.hy Staff#!*^ ^ ; la iriow ©f ao3?s reeeirt ' 
mtimnm on the form of etnilihrina in the "tia^ oaiiaiiiaf sgrswUf 
it sit seems 11!%ely that‘this tlienaal Bxweet aotasidei with the 
©utootoi&al deoorapesiiioa of the pkm®* ■"..
Mm ©oli4 mluttmm. m m  said t© ®:sS@% hot it was 
suggested that there may he elii^t ©olid soluhUity.
&fte? ©otoplete #elidifi©ation- a t  1IS>08* this effeot hoint
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m m fm .  3*
PT?'!T:Tf3"p|\T( j* j T * !  *T T*> # ■
i
mai&Xs MB®d mm of' ih®. ht@h.mi purity «ratl&'bl«•■ ■ i • ■; .
composition® a m  m i  out. *b&low$>
. X* T in  — • teasid*. '•;
: l e s d   ..........■ ..*0021$
Ali 5j»X*«0Sy •«-*'# i».0O
'•. ■ *0006$
•' Arseni© *•*»« '•: *0001$
Bi® mutli **»»,. *0008$
Xroa • «.*«»*»# *0004$
Gulpivur # * « * * ' *0004$
£q w X *0016^.
S* 0a4iaiiM JMfsni "
•:- : Oairaiiaa «***##' ';. 9?*95$' •" ■
3* ' Sin© -* Grown SpmlaX  . -
■-.:X©ad *•«*»*•' - >06l5$
Ctili'SiUHi * ft 9 * ■ . • *003$ .
C apper • *•*• :.. l e e  © th a a -* 000l$  
.Xroit • *#■#*#« i@@@ t-i. i  *001$
C alo i^ a  ****' ■ • irm o® ■ "
. • Jfe  ®$&©a? e le s te n ts  4oteQtedL'
'reparation o f  A lloys*.. .   - -i . i . ■■ n.1 'rrT.-Hmiirt-ii*,iii.<iTrrmiirtitWrrtrrvfPWt*•«*6Ws**9,
in  vicar o f  .the' V I i©w © f   e s se  with .which th e  m etals cadmium
and. z im  are ox id ised , suecessfU l m olting m s  accompli shod
In the ©as® ©f a llo y s  m elting below. 350°0 under > 1 1 , m A  in
th© ©as© o f  th o se  m o ltin g  o v er 330^0 un d er a  f lu x *  Plumb age 
cru cib les w©r® used tkrou^ioui th® experiments* ,.fh@ flu x  
consisted  o f  BaCl^ 31$ f  CaOl 48$! ITaOl’ 21$, th is  mixture .. . ..
to  remov® tra ces  o f  water vapour*This was carried out w © r a  
T ® q 1 u  burner* fh© major eo n stita ea t was f ir s t ,  added to  th© 
crucib le m d  melted down under the f lu x , - follow ed by the pure 
s in e  or as one: o f  two key a llo y s  ,  th e  cadmium' was added la s t  
e ith e r  as the pure m etal. or a s  one o f  the three key a llo y s , so. / 
that, the time avg&ahl® fo r  lo s s  by v o la t i l i s a t io n  was minimised, 
the melt being kept a t as low a..temperature ©s p o ssib le  to  
roduc® th is  danger* ■ -t ' '
F o r "about a h a l f  m inute the a l lo y  was s t i r r e d  w ith  
a charcoa l. rod, a fte r  which i t  was oa st in to  a' previou sly  
warned ©ast iron  mould* An ingot x  $ * '  x  ;2* was' obtained,'
th is  sis® being su itab le  fo r  the preparations o f  specimens fo r  
Bubseguent annealing or' f o r . subjootion to  chemical .analysis*
; W ith p ractise  i t  was found p o ssib le  to  make-' a llo y s  
w ith the minimum lo s s  o f  cadmium and sine* .. Bach a l lo y  a f te r  . 
ca stin g  was weighed to  estim ate the accuracy o f  the method*
A carefu l 'an a lysis o f  each temper a llo y  was carried  out, and. i t  
was then assumed that specimens could be prepared from them
having a m elting point of. 430°G* Du® to  th© hygroscopic v 
nature o f  tho f lu x ,  i t  was necessaxy to. fuse  i t  ^Lon®, i n  o rd e r
without appreciable deviation  from th©' ealou lated composition* - ' 
T h e m  are t m & e T o n m ' .  ' examples- i n  th© papers o f 'Hanson.and. hi® 
collaborators t o ' in d ica te  the aeouraoy'with whibb t in -r ic h  . 
a llo y s  may be made to  desired .composition* During the work, e l l  
th® a llo y s  were not analysed' in  th.® a s  oast condition  sino® th® 
mount o f  chem ical' a n a ly sis  was reduced' as much' a srp ossib le , 
and only .th e . composition o f ' c r i t ic a l  micro spcoimens were 
detexminod* ' Analysis' ©f 'booling"- curve samples confirmed that" ‘ 
l e s s  than 0*2$ loss covered 9 i c it in g  below 400°C* /
For ooolisg , a• FoXado* tliesmcieoupl#
was throu^ Tut tit© w#ji€ b©cisas© ©f its durability ©ad 
r e s ia te ie ®  to  i s m i s b  o r  ooim ajU m  when h e a te d  f o r  lo s g  peried©  ■ 
i i i  -air* fit® coitpl# c o a e is ta  ®£ a  p*&ladiu^*goX4 a l lo y  c*H r\tel 
with aa iri&ii^ xlatiausa .^loy*, th# ©^ roxhsat®
.tonyer^ mrc relationship ©f $b©/F&lX©&©*' tfcem>©ropi*-l3 ' sbsrnt ■ 
la Figmr© f {a^ It . will b# ©00a that th® ®*sa*f* g@st©wt@t % th# 
couple .is 1 IdembXy greater than that ©f th# Chrcmel-*©taitl. 
©ompX% sal very- cl©©®' t© that ©f th® rosily oxidised Iron** 
©ans*aatm ©oupl©* ' ' ' ' •.• • * ■
*Bm .tbors&oeoupl® was' c a l ib r a te d  ©t f ix e d , point©  in  ■„ 
th #  iu ^  o o f  t s e ^ r s tu r ®  ©cmoersaed*' i*© «, © gainst th® b o i l i n g  . 
p o in t  ©f d r .s t i l l e d  w a te r  and tli® m a lt ia g  j o i n t s  ©f-par® t i n ,  ■ 
ead&isBi ©ad pur#  s in # *  fh© c a l ib r a t io n s  w#r@ c a r r i e d  o u t  ■ 
vrn&m? ^ s a e t ly  th© ®m® 'c o n d it io n s  s a  thos© u sed  in  th© l a t e r  
c o o lin g  ctunr© © ^T&mni® m  th® alloy®  i& ieh  w ore I f i r e e i ig a te d *  
fli© to p  ©f th #  t l i0sm#eompla wesi n o t  mi th® tm tim  o f  tk #  tlioifta#** 
eoMpx# s n c a tk , h n t a t  a  d is ta n c e  f r »  th® lioiifMa^ ©cjual t® ab o u t 
c a#  b la rd  ©f th® dopx-ti o f  th #  Iti a l l  #ub®@gu@nb
c x p e r In c u ts , th e  I r .a j th  and d e p th  o f  th© in g o t was m a in ta in ed  
c o n s ta n t * Vho fcZwpjoooupl® «3x#ath was © tesys pl&oed Sa th© 
sridd le  o f  ih a  in  j o t  and s o t  a t  th® s id e  ®f th®- c r u c ib le * '
- . fhc mn&imMstimi i s  a to m  i n  r ig o r©  -27 and  i s
cm ^ * t ton of tbo on# «e©& sad described, in -th® ©xperisients,ef.
v- N {Pn’i "Imm^ m l j Xv—nr* fk# 0 «sa*f* geiloratsd'm© «.*. j?ed by menus
of s finsl^ y peWnfcioBieier sad th© mill point method ms, -r?f^ vi#
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F ig u re .26(a)
Xh-3 a l l o y  was me l i e d  and w e l l  s t i r r e d  when m o lten  by 
means o f  a r y r s x  y l a s s  s t i r r e r *  The s t i r r e r  w s  d r iv e n  by th e  
c b .e  yaared  motor t h a t  d^iv-ru? tiio s t i r r e r  i n  th e  o i l  h a t h ,  a.3:ai t o  - 
prt vo f i  a c l n r e  a t  th e  s t i r r e r  due t o  s o l i d i f i e a t i n n o f  th e  a l lo y *
a rid h e r  bn mi v.ns used to  connec t  th e  two p u l l e y  w h e e ls ,
The c u r r a n t  p a s s in g  throuyh" th e  fu rn a c e  windir.ys was 
a lyaw ted  by naans o f  a yea red  vs r i a o  when neoossar.y ,  i n  o rd e r  t o  
d e t e c t  th e  p e r l i e o t i c  r e a c t  i m  uUiob occu rs  a t  th e  t i n - r i c h  c o r n e r  
o f  t'ho d iu ; ‘r a n .  Readings ware t a b  on e v e ry  I t  s©eends,  In  o rd e r  
to  oneok 1 ne a c c u ra c y  o f  th o  method d u p l i c a t e  u u e n s  were taken, and 
m  s e v e r a l  oases  i  reverse r a t e  o o e l i n r  cu rves  p lo t t e d  no tin;-, th e  
tfT-s t a k e n  to  f a l l  0 .4 °C ,  - :
Tc e n su re  f  urrr-eo c o n d i t io n s  wore s a b i s f  e b e ry ,  th e  unarmcr 
m s  r a i s e d  i k r e u r h  l ,f f c r  a m inute and t h e n  lone  red  t o  i t s  o r i - p l m l  
p o s i t i o n ,  The two r e a d in g s  w ith  trie t h e r m o u e l e  i n  zne  r a i s e d  
p o s i t i o n  d e v ia te d  by more 1 bnn C.E^C from th e  smooth curve t i i r c e n  
th e  p o in ts  o f  th e  a o r l i e r  arid l a t e r  r ead i tx y s ,  hence th e  o i l  l e v e l  
was r a i s e d  t o  th e  to p  o f  th e  c r u c i b l e  and. to© r e f e c t o r y  liuin.;.; o f  
th e  l i d  o f  th e  fu rn a c e  was made t h i c k e r  u n t i l  t h e r e  ran  pra i t i c n  l l y  
no--a ir  - ( o r ;v ap o u r) ,  gsp- be tw een ,  and  t h e ■ *bvvfa r e a d in g s  were w i t h i n  0*-2°-‘ 
by notinp. th e  d iffe re -.ioes  totvreen su co es  c iv e  r e a d i n g s ,  th© 
conirioTieeuont o f  th e  a r r e s t  r.es s e e n  and a t  t h i s  p o in t  the  so ro  e r r o r  
and sons i t  i v i t y  o f  th e  y a Iv a n o v o to r ,  th o  ex.a a t  t nlruio© of th e  - 
poto T h  ; r v v r , and th e  i o p •. re here of l i e  i e rf r r d c e i l  rcvo  c iccLud, 
come o f  th e  t i n - r i c h  and end i u u - i ’lc b  a l l o y s  showed 
s r ”e r c o o l i r p  in  s p i t e  o f  th e  v e ry  a low  r a t e  o f  coolin;:; and th o
r
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■ c o n s tan t"  s t i r r i n g  o f - ■fell©*alloy* --and tsh& £©llowix*ft !?a0tti©d -ct4- ■:,.; T ':
' inooaX&blea o f . ish© ' m l t  v ? m  tr ied *  & a o a ll g r tia  of the. solid-; h 
&Ii-oy.’-%&s./dropped: i&t© 1!^ Mibb th& ;«. degree / ;;
or' two aboir© 'th©--expected ^iiquMus;' /point he .'©ntrt-.BC©. o.f' the ;'
-o o M 's o l id  "p&rtioXd /.p ro v id ed  .&' &udX9U8* a t  ,-tU# surrae©  c$£ w h ic h ,  
a r ^ ta l l ia a t is s - t s g u s  atd./lba s t» l% A  ©ithor-'dissolved' er tentied to,.; ;
depexidijsg o s  w h© tfier-;tl^Xt9m i^rati3re ■ o r  helD ^ t h e  -
l i q u i d s  p o i s t , ’;^;':;o x  ; ; .  x h h h " \ - ' ? h - rV'':V  ; ' ■t-  '-'-V:
. -. ’ t c  oTbk&i-n & ^ - b  04 j n i - o;' ^cr s,-* .< s X - # i * •’ 1 o*5, r I
of--.-SdmuadS. isas tised ;(l30j*Xhr l l i l s  ■ d e ¥ ia 0 . of- $■ ■tki?j.:a'apillis.ry
i ro ^ -a e t io u  ns sno?m in  x l .  o ra  Ct* I b i s  no 3 iij.cordea i n  t h e  no I t  
th e  p r o j e c t i o n  b r o to n  o” t h e - b r e a k in g  rod* s o  t h n t  th e  n o l t e n  
a l lc e /  f i l l e d ,  t h e  ovoousved -I 'X io te  which v&s 1 o.» YhlUihm^n I r o n  
t h e  no I t *
:;;f y.t • - • F u r  ta id n r ,  he& iltv : o u r? * * ,  ICC j r a n  isvcS,s m»ro m i l l  
om% to o g iv e  . c y l i r d r i  *al in y o t^  d i u s s t c r  •'•rd 3 &?t l e n t*  in  t h ^ s e  
.- a l lo y s i th a re  x*# r ^ l a l i r e l y  i l t t l #  lo & g itu d is s t-  ...
X p rc lim inary ; iiono |t5 id ta tirm - t re a tm e n t- is a a  Xly" f o r  14' days *
asd /.the a th e  ■ ©'p&cifisoa w&a -wator taueaichod* ■ M e f  about •
Q>
s s  than'remotfod am the lu ia e , using a oloan , dry* to o l,-  and the 
•.Tesultlng: vturniasgs .'©imlys#d *•• ;’>' i f  fcel© -: h* s u f i i o  l « s t  d l& m b o r  t n  
; fsdtalt a  ^ nrery' th ls .  tlieT-?noonaplO: hliOJitli %■$.£ ' d r il l© 1! t t e  -©antr®". •'• ■
" of: t lm  spaeisab*' amif the; .drilliT^s. hrylynea* o lae&ot- was -only tv-; 
a c c e p te d  .whoa th© two o o n p o o it io n ^  :xoro' I n  ©Xt$ ©,? rpsa t♦■■•-.'" S itio© ,
- o ad n tan  xs s l i r h t l y ,  v o l a t i l o ■ ^401)^0  ^ t t e  vs a s lo d  hstsl tu b e
S-ovrs In  th e  4!X.;'nre CC, r ;f)o mxjJ &t t l io^e  i a n s ,
42(a) !
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A RRA N G EM EN T FOR t a k in g  HEATING CURVES IN
S E A L E D  H A R D  G L A S S  T U B E S .  ALLO 'I S P E C IM E N
S H O W N  S H A D E D .
figure*30,
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' lljB Oiirrant supplied to  the t i x r m o ®  ivlBdlngs. tms 
varied by m & m -  of a variable' transformer (varl&e) • To obtain  
very, sam ll .increments of V oltage inor©ase,--tbe Variao f i t t e d  
with.a. hand controlled  gear*"and'the iroremsnts wars Varied at 
regular tirae in tervals*  ‘ f. ■.'- . : g - ■
. h i  o rd e r  t o  do4 e ru lr .e  bo a t  t r y  o u r ra s  above 3-50 °0» a  
a l r d l a r  f t r m o s  was u s e d ,  w i th o u t  o i l  a s , th e  h e a t  t r a n s f e r r i n g  
nK * v
- Typical heating and. cooling \burves are shown-in th© 
Appendix* ; ' .
(C)
44(a)
(£> "\w/~
<u ^ C j m  >  *C m _ z - x . - /~ V
to \/aCUv)m
S T A G E S  irS T H E  S ^ A U r iG  O FF OF THEL SPECinEHS
F O R  A r ih E A U H G .  i n  HARD o r  s o p a  g l a s s
T U B E S
(S^
M E T H O D  O F HOLDING SE A L E D  T U S E  IH fli-CHROME
WIRE. FOR RAPID EXTRACTION FROH THE FURNACE
©Mil o a s t  'alloy*' since' heat tre a tm e n t ©ItsBgoe i&e ©ompositioa ';.• 
s l ig h t ly *  Further errors'.- mi^ rt arise f ro a  i n  " taao ^n @ itir  ©f
th e  oast-'ingot# . -..
Polishing end 'Btohing methods# - . -: ,-
■ D i f f i c u l t i e s  were en co u n tered  i n  th e  p r e p a ra t io n  . '
o f  specim ens ©wing^t©' th e  .tendency' ©f th e  s t r u c t u r e s . to- • ha  
d i s to r t e d  by. even a  s l i g h t  .co ld  working#"' th e  e a se  w ith 'w h ich  
th e  surface w m  sevatehed % particles of g r i t  ,th© .., 
tendency ' f o r  t h e ,s u r fa c e  t© ‘become, c o a ted  with, a  l a y e r  ©f' 
grease and. dirt, -• 'J3&oh - specimen* • 'therefore* was out from th© , 
in g o t w ith  a  v e ry . g e n t le  '©©firing motion* -.using a  sh a rp  h&cfeaw- ■ 
w e l l ' lu b r ic a te d  w ith  p a r a f f in * ' a f t e r  w hich . th e . su rfac e . was 
' ground v e ry  l i g h t l y  e&. ah  'emery w heel to- remove saawaasksy.:. ' -
th e n  pm a  H©«1« emery "cloth* -end a f te rw a rd s  on a  llo«00 --emery ■ 
p a p e r  i n  a  p a r a f f in  hath*  •• This tre a tm e n t m s  fo llo w ed  b y - 
■ light polishing by hand: on Selyyt cloth' dressed with "syivo”. - 
metal polish* ;.f© remove the:grease*. the specimen was- swabbed.. 
with a 'piece of eotton wool saturated with alcohol.* When 
scratch marks had boon pem-ored .as far- as -, possible* • etching' 
was achieved b y  swabbing with a piece ©f- .cotton wool'.'saturated 
with .various" © tolling .reagents listed. bolev* until /the grain 
structure appeared* indicating that ,the flowed surface layer ' 
had been removed*. it  was mcessary to pe—polish- and etch again 
several times- before satisfactory result© were obtained*
- BtchantSvused- i n  the/i region o f  th© ti^cadainm 
system by previous .worker include 2$ aitsl* which was. reported 
as ©tainlagcfc andblack* and acidified ferric chloride wliicli 
stained ^ brown and^  black* Dilute potassium dichrom&t©
s o lu t io n  was found to 'bo th© best' re a g e n t f o r  th© ©mtootoid* 
fh e  fo llo w in g  etchants w©r@ t r i e d  in. th® p re s e n t
works***
. - Ci-) ;a 5# - ;v
;;' (2 )  5^ Kyix^oohlori© .©old i n  eXcohol* -
C 3) ■ O ly ce ro l j ■ &oett<3$c£d§ n i t r i c  acid ," i n  th © ' r a t i o  
: o f  4 | i | l  'tsy volnme* ■ . .
(4 ) $$C f e r r i©  © blende. and $$> p ie r l©  &©td l®: a lcoho l*
(5);'. MXui© p o tass iu ss  diohroiaat© f•' be t  o i l  cold* . "
••; - ( 6) >f %&% &qpm&u.' ■ p e r s u lp h a te • •
.’ fh© o h io f  p r o p e r t ie s  o f .th ee ©  m ost w id e ly  u sed ' '.•••:•
RTO Eho?m -hoiow* v ’
jTltr-.j a 'g o o d  gener& l - e tc h a n t f o r  th e  h u i do®® .not
d i f f e r e n t i a t e  hstfiBon^tpliarie-p i n  th© t in ^ a d a iu ia
Qiyoerol i noetic aoid* nitric acid .«* giro© £o©d differentiation 
betw een A au^MeccmiJosiiag . and w  the h o s t  '■•etohant' a v a i la b le  
fo r  ihodtfieid* .v.-;-:v>-' \
■ At the beginning -of'the worh,' th©- otuilihriuia '^ .' 
structure® were ©Iioolced .■ in a number of oases by longer periods 
of. annealing*.-. fo ensure-, that. ther© was no loss of 0iadasim% 
several- polished specimens were sectioned’ at right angle® to 
th© initial m rim m  - e x a m i n e d ^ “
■ Construction* :
* .•’'••/ fhe.oven'consists.-,©f=* - double casing* formed of
' asbestos cement panels.'.Ber©we&. to a: 'rigid.; angle ;£re»' frame*'
Tim oven etaiber-.i® of stainless steel enabling it to b®..need 
at high tompepatiu oo witliomt t deteri©mtion* V* \
It i©. provided• with' a 2n layer, of.:lagging- whioh 
reduce® beat Xo©$ by'radiation to a idtainu&t* ' m  off toting 
economy ,ef. current f • the- shelves- are. of heavy galvanised wire* 
framed-In stainless steel .and--.supported by full length • runners* 
-fhe door is a panel of asbestos oementg heavily . 
lagged; %n&id©*/. the. lagging ■.being - faced :.w£th a polished. .■ -  
; stainless - steel - sheet. • to- reflect baofe: the beat* -' ■-■ •
Heating. - . ■ .
- , . : . fhe element® ©re; arranged.round the .sides and;'•••' -
bo item of the even chamber* the' functional . diagram -. being , v;.
■ showa in figure-.31 faYowisg to the -efficient lagging* their 
running .temperature v:u low- enough to prevent burning out* in 
.spite of - the oven being %n operation night and. day - for-. three "I
■ y e a r s * . v.; i;. 
Control- .; . "• ■ : . ' ■ ■ ■ • ■
■y r.y'J'nan. tutm 'i** ■-
■ ■ ' Tim • temperature' wa^  controlled by s bimetallic
■ regulator, woiking in conjunction with a switch* which
has also bm off and on position*•' -completely. isolating the oven - 
.when not in- use* . Arcing at .the points was reduced to a
.minimum by mean© of a condenser of tae- _ correct - capacity* - -
T E M P E R A T U R E
?!G.U_L_T C!R_ W A R N I N G  LA M P
R E G U L A T E D  CIRCUIT
POSITIONS
 --------
G R E E N  PILOT L A M P
POSITIONS
AUXILIARY
CIRCUITS
POSITION
POSITION 3
MAINS
F U N C T I O N A L  ' D I A G R A M
Figure 31 (a)
Figure.32.
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O PC3?st i©2l *
After. connecting to. the mains* th® 3""h®at switch 
on tli© m n t m t  panel was toied to the qplQte heating position*. \ 
and tli@ desired temperature selected o n  -the dial control .' 
t s l f t  t l i i  sw itch#  ■>
4 red p i l o t  .leisp countersunk in the -control • panel 
above th@ switch* ii.#t© up' to- .indicate that -th®- & et temperature 
had boon reached^  fi@a the switch had to h© -turned-.to th© hi#. 
03? low pang© position according.to whether the- selected, 
temperature 113 above or lekw 1^ ® 0*
4 green pilot lamp lit up and went. out. aa the . :'.. 
contact points Mad® and broke* giving a visual proof .that' the 
control ms operating correctly#'
The? o v e n  i s  f i t  ta d  w ith  involve boo bin.- e lem en ts  , fo u r
a t  each  s id e  and fo u r  a t  th e  'bottom . Those a re . a r ra n g e d  e l e c t r i c a l l y
in  th r e e  r r n ! ; s  * A ll  th e  i o u t e r s  i n  a ; ivcr? n n u «  a r e  i n  o r r u t
of c i r c u i t  siw ultG w *.n-usly  and* f o r  s i m p l i c i t y , a r e  r e r r e r s i 'to c i  by
cu.o v d n d in f  in  th e  c i r c u i t  c lia rrn r i. One y reu p  o f s i r ,  e lem en ts  is
i n  - s e r ie s  :w ith; t h e  te ra j^ r a t t i r e  re v u l& te r* : fa rm in g  th e  ^ r e g u la te d ”
c i r c u i t*  The - o th e r  two., g ro u p s ,. each  o f  th re e ,  e le m e n ts ,  form
.^ a u x i l ia ry ” c i r c u i t s  w hich -can be co n n ec ted  e i t h e r  in  s c r i e s  ,  o r  in
p a r a l l e l  by th e  sn itch .*  Connect io n s  r.ado by th o  s w itc h  a t  i t s
v a r io u s  p o s i t io n s  a re  shown, a s  b ro k en  l i n e s  in  th e  diagram *
f o r  te m p e ra tu re s  up to  lciC;f)0 9 hen h i s  s u p p lie d  ly  th e
*
rc.-= u iaV xt c i r c u i t  a 1 one * Above luG°C* s r  v h e a t  i s  p rov ided  by
th e  a u x i l i a r y  o i r o i u t s ,  connoc Led i n  s e r i e s  and o r e r a t i n r  con tinuousX y j 
t o  t h i s  # .- is  added uho ho a t  from  th e  ror p l a t e d  c i r c u i t ,  to  re a c h  and 
m a in ta in  th o  te m p e ra tu re » The h e a te r s  a r e  d iv id e d  in  t h i s  way so  
as to  l i m i t  th o  " c o rk  or, th e  wind in- s o f  th e  c o n t r o l le d  c i r c u i t  a t  th o  
h ic h o r  to c -p o ra to re s  * and to  p re v e n t a  h ip h  d i f f e r e r t i a l  a t  th e  
low er ie n r© n a tu re s * -
The r e g u la to r  in c o rp o ra te s  s ^ r 11 f ix e d  coui&o fc, mounted 
n e a r  th e  moninr; c o n ta c t  arm. on th© s id e  i© o re  * jo r. tn o  m ain f ix e d  
•con tact* ' - C o n n ec tio n  be tw een  t h i s  s m a ll  c o n ta c t  and tn o  r.-oviny a m  
com pletes a c i r c u i t  th ro w  :b th e  re d  t a m is i "  lam p a t  th e  to p  o f  th o  
c o n t ro l  e scu tch eo n *  Th© lamp has two f u n c t io n s g
( l )  A f te r  re  aediinr: th e  o o u t r o l l in y  p o in t  f o r  vdiich th o  \ 
r e g u la to r  i s  s o t ,  th e  tam per a to r e  . in  th e  oven v / i l l  c o n t in u e  to  r i s e
GO
i f  the sw itch  i s  l e f t  a t  pnuxuion 4* ( I f  th e  F eru le to r  5s s e t  to  
co n tro l color/ l.-;0 °0 ,  t h is  v,l 11 a ls o  occur w ith  th e  tw itc h  a t  p o s it  ion 3} 
M'uQfi th.« . vociperirture has r is e n  ftpproxiatvtoly G°0 nomas the s e le c t e d  
f:i cure , i r e  rev]??', nonoaor fuacmoo I he f ix ed  con tact,, 'I lie
r o d . I a m f ;th orh b v:dh?t;;lhi}h; c ir c u it *  . Irft Scat; i risr' th a t  the; oven;'- if . v-'hi bi­
te  a as ra t are has rl^or. in  a; aid th e  co rro o t poim? unci the rapid  non hrv; 
o iron i t s  should  be sivliphisdr o f  £ „ -. a: ;: v~t/p. -bvp m- ihh-h
\ Z ) On r e - n e t !  in,- th e  r o ' i/j.abor f o r  a Io '.Trerstu.ro Ir/oor th a n  
the v r c n > ;s  ar.a* tv? re.I l a c r e ^ u r i s  4n o ir o n it  u n t i l  + '.1 0  
t.eripor.-.ic.-ire has ta d  Ion  i -  v . I t ' i i r  a p - . r c x iv 'te l ;^  C°c o f  l.ho now p c . i r i ,
Tho r e g u la te d  lionher c i r c u i t  i s  r m yvitch r ib a  r  p ilch ; 
ih d ie v 'to r  oon-Tchnd in  p a r a l l e l  n i t n  i t *  ‘I ! :is  in b io  a rc  on k m c  
s i  In.a Led iDPodin v'-ei;-' La le v  th e  rod lm rp 9 ard  lip :, i s  up when th e  
ra -- 's la te d  c i r c a  I I  :1s p a t in to  o re  res. t  ion  by  tho  e lo s ire ,  o f th e  u i i r  
i“0 : u In b o r  0 Ditv.fio ;<s * 1 ta  1 nun c ; .w m  .'ve vcorrxr;'. i s  sc  i r f  10a ‘J i m  n j c s lo
e x a c t n-olat o f ocm im -i of d.v:> ro  • r i o tn r  o rd  is  o f p r e s i  n s s is ie n .e e  
vfion rcftkira: a*d,jcsi»aont.-j o f  te rp c - 'o to r e  0 h i  1°LW ;*
- Switch' P o s i t io n  ■ Circuit _ ‘
%:  ^ r -, o f f  ■ ■;. , o f f . .;
"•• 2 • :•:■. •" Ee^ olated c i r c u i t ' ©sil^ r ■ ; , 20-490°C-
; 3 ■'. V . :;Eegalated" eiipouit - 19O-35O°0. /
: s u x iX ia ^ ie s  l a  B a s i e s '  ~
4 ■ ■ : Emulated circuit. : ■ . '■
. auxiliaries in p®saXX«l .Eapid heatln
n^sraitfs • • - ' ■ /
fftV '7s< lo ndatu r©  A pplied  to  A llo y s  Bad Phase F ie ld s
Blaiiy G'f. t&o a l lo y s  pi?epa.r©d were ©f iroxy s im i l a r  ; ' 
compos i t  long  * ; I t  was th e re fo r©  d ec id ed  - t h a t  the, u s u a l m raencl& turo •_ : s 
app lied , to  te r n a r y  a lloy® , b y  which. th e y  a re  described..- a c co rd in g  to  : ; 
th e  ’p ercen tag es; o f  two o f  t h o i r  thr©@ c o n s t i tu e n t s ,  would>e©orne :\  . 
e i th e r  ambiguous or-.cumbered®©# • I »  th e  p resosit iiw @ stig a tio %  ;.: 
a l lo y s  l a  . t h e ' oadm ium -tiiM in©  system  were p rep ared - i n  © cries  o f  ;
- (a) constant sine.content,- fo r :th e  t in -r ic h  corner,-- • -A AAA 
-  c o  .constant t in  .content, fo r  the. oa4©i^^rioa"oorne%  ; ;r: • ; ;
(o) c o n s ta n t  t i n • o o n te n tg f o r  th e  -s^no-rlch. ocirner* a A A ., •
Figs# ‘33# M$ 33 and 36^ show th e  m m bering  of. th e  alloy©  f o r  tlio  ? . •
t i n - r i c h  c o r n e r , ' c sd m to a -r icb  c o m e r ,  p in c - r ic k  c o m e r  -and' the- -
genera l diagram  re s p e c t iv e ly #  . . ,
■.... A  I t  ip  u n fo ftun& te  t h a t  a t  - p re s e n t  - th e r e  is - 'n o  - 7 .  --'/
agreement tin a  s  y e t  ©a f o r .  naming- phase© i n ' eq u ilib riu m .' d iagram s#.. A y ; . 
S everal i n v e s t ig a to r s ,  n o ta b ly  & *J#Bradley, have  em phasised ..the ; ;A:
.d e s i r a b i l i ty ,  o f  a  'sy s tem  i n  which -each -cx y sta l s t r u c tu r e  i s  •
. re p re sen te d  by a d e f i n i t e  -symbol*.- f h i s  ap p e a rs  to  be re a so n a b le , ' 
bu t th e re  a re  many . d i f f i c u l t i e s  before- i t  .can b© adopted# ; h’he f i r s t  
o f  th e se  i s  ik e  u n fo r tu n a te  '.p o s itio n  in  which th e  sy a h o ls  <£ •<. and As
are  used f o r  th© b o d y -c e n tre d  c u b ic  and f a c e -c e n tre d  cu b ic  m o d if ic a tio n s  
o f iro n  r e s p e c t iv e ly ,  i & i l s t  f o r  th e  alloy©  o f ,  copper,. - s i l v e r  and g o ld , . 
i t  has become alm ost u n iv e r s a l  p r a c t i s e  to ' u se  th e  oym bols:. ot f a n d /5 ; - 
^ » f o r  .phases w ith  th e  f a c e -c e n tre d  c u b ic , b o d y -c e n tre d  cu b ic  and 
-gm.ia b ra s s  ty p es  o f  s tru c tu re *  ■ I f  B rad ley * s  su g g e s tio n  i s  to  be..
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adopted* th e  le a d in g  J o u rn a ls  of the'world w i l l  .
hare to a g » e  ea s o ie  systesa^ -ahd f o r  a time ttis- w il l  
inevitably lo ad  to  ooBfy.eio% f o r  exam ple' th@ £. -^ lron o f  ' ... 
1900«*54 i® the /V~ire& o f  later. &mm, .o r a l t e r a a t i r o l j  
that there'' has h&eh' & oorresponding change la the.'nomenclature 
of.the copper "alloy** c.''.yp . ;■ . v :
■' p* ******
0 0 -/ ;"" f o r  t h e .'g r e a te r  i i i r e e t i g a t i o % • th .e re fo r%  - th e  •/•;• 
s o l id  -phases '"encountered  in '- th e  'oadminaj^tin*«jsin<s .system  w ort 
th e  tin *  cadmium. ami s o l id  so lu tio n s*  and- th e  in te rm ed ia te - .
phase o f  th e  iin~o&3mimxi ®ymtem9: fhes®  phae.es wore r e f e r r e d  to
a s  # £ V a a d ii r e s p e c t iv e ly *
■ (b) t  &13© &rs pi'^ bl.OTl^ ss '
u«.a i^ ^ ? ^ '.jp < ^ ^ < «-*f^ a^wff»gWM*<»a»qi^ .-T«!fc»<?-i-gB&»gua5M»ul>u'S«:«’^ Wii.ijL.■»'<'Jnrti&3M<r-gg*Fe-.»#tt«g?
• ( l ) " f l ^ r " d .it--n  A l lo y r  .^ -w .A o d  a t  1 7 0 ° o* \ : : ./•.;
Pxvsvlouar woriterc had c y p o r im m d '. some difficulty 
. 1 a  establishing the' precis©;. £&m o f  ^ q u il fb r iv m  in "th©' tin**- 
©admits® ti&omr' r" ioally* ,It was th©r©for©'"thought'.,
desirable to become famil&r with th© efohing characteristic© 
of alloys la the *{aC43. } , /& «* ( ) phase fields before '•
pst>ee®diii0 with .the t ortuary syoteat* This temper&iur©was ' 
chosen  s in c e  th e . m ax im a amount -of /J^ p p e a rs  to- he p r e s e n t  a t
4 . . I W  v ® .  ■ ■ • ■
. fhe alloys were first examined' after sn anneal' 
lasting for a period of 7 days# They mr® ■ then ©mealed and.
• Reached, la water after a further period of f days at. the' same 
temperature*. No .change was defected in the micro structures* . 
m  it 'ms decided that eati am©sl of ? days was .^ sufficient.
• for binary alloys at ihl® temperature* ' , ; -
;.fh©. structures .obtained were simiite to. those shown-
■ ■ ' v (27V  ' in Fell"^ /alpol©*8 paper* * wt%: alleys containing mp to 1
■ per cent eadMma ar@ u&lfomaC f w ith 1«4 p er  ©eat CaSsiusa there  
la' an increasing amount of eatectcid. u-»r) in aa^C matrixg tea
'. 5 per ©oat cadmium alloy i@. eompletely euteetotd* whilst with 
more t h m  5. P©r c e n t  .e&dmtai fh ere  i s  on exoes b  o f  J a t th e  
grain boundaries# 'fh© proportion of the eutcetoid present in- 
each alloy correspond© to the intensity of the thermal effect# 
The. 5 per cent cadmium alloy' on wzmoh&ng and -etching showed 
the'original largo grains of/bstill visible* each of which was 
composed of many small grains showing th© %iartonsitio^
© fractu re*  ' This r e c r y s f a l l i g a t i o n  was not caused  by  p o l i s h in g  
sine© th e  specim en was p rep ared  v e ry  c a re fu l ly *  and th e  flow ed 
layer removed by. etching, and light. polishing* before .quoacliing*' 
H encer© exysi& lli«@ © .and  p a r t i a l l y  deoompoao'b' on-.. quenching* ■
Xn alloy© wMcli contained  con sid erab ly  wov®/b than^ .* 
when q,u©nchod9 th© <& appears a s tigh t  rounded p o o ls  in  fh© *
( i i )  Pr rV , t t e  t e l t t e s  o f  ij-.o r ,?g te i»
tecmsoepteal os&lyi&o gttrc sa indication of ik© 
s is# 'c f  the /V'fieM t n v®- the.fo im ry ©utocti© fcaporatur© * .
■• where i t  use p artia lly  teuatel by f  te l ls  tmmuinisg liquid*
.ias alloys’ cxosined* and 'its®' iempemtures a t w&ieli -
■ liq u id . appsarod  in  th e ir  .ni&rosi&aota&e© '^ ar© tte&m ia  th® .
■ iabio / .* Tho positten® of- i&© mtidMM are ate a csrapkicslly - 
- ia P ip ir^  3*7 fo r -tcmpemture© of X&ffy-lGS’Gt 17DWC* 115%*
-, V ia^% s 1S5°S-‘and 15000*■■■ '.'■■ . .
V ■ - \  - *£k®m\ rssu ifa r-.isd iea t® . km  a  " «  u
:©is0 - i n te n t  ©f § pervert*  a t  tee^exaftug®* afeov*' the tsrn&aqr
■ ■ ■ eutecti© t«3peretur#* . f&@ shape of th e■ solidus a t  the ■
i©mpe?at'4r©£ investigated suggest© - that 6 ©a&$ foas* a 
’ ■. fie ld  across tm  MMgmm* ; ' '. .
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( i l l )  f i n - r i c h  A lle y s  o f  th e  Cftdtniu ia -T ln -2 1 m  Sys tem  A nnealed a t  165°0« 
xfr  o t l s n  m s  now maclo ©f © q u i l i t r iu s i  . i n  th e  © olid  a ta t©  
o f th e  t e r n a r y  sy stem *  A ll  th e  a l lo y s  w sra mm maled lu  th e  e l e c t r i c  
&v&& whoa© te&xm'&t'jLr® -was c -a ra fu l ly  c o n t r o l le d  a t  f o r  1 wooksj
a s  d i f f i c u l t y  had te e n  e x p e r ie n c e d  i n  r t® o g n l$ in g  the* p reee n ca  ©f j  and  S 
phases im th e  m is ro s t- ru o ta re s  c£ p ra r io u o  a l l o y s ,  t h i s  r o r io a  m s  -. 
s u b je c te d  to  e -a re te i  s g ra b it iy  um lar th e  a te re s o o p e  b e fo re  ©tolling:.* One© 
th e  phases had b een  otat®r/s&» e to h i s g ’ a m b le d  'th e n  t o  bo d is i t e g u is h e d  
from  ©21© a n o th e r#  a l th o u g h  th e r e  m s  so?® s t e j l l n r t t y  i n  th e  e tc h in g  
p r o p e r t i e s  o f  th e s e  a o a s t  i t  m o ts  whan th e y  war© prooeco in  s n a i l  am ounts* 
By observ ing , th e  r e l a t i v e  am ounts of- j  and  S i n  iu i a l l o y  whirls. ® s  
k n o m  to  c o n ta in  more o f  the J (or S } ospdtifcuant * frnra i t s  p o s it io n , in' 
th e  e q u i l i b r i a  diagram # i t  -m% a s isxp la  m a tte r  to  d^term in©  w hich  p a r t  
o f  'th e  ml© p o s t r y o t  u re  corrssycuhW O to  J © r£ .
Tk© t i n - s i n o  a l l e y  SC8 was exam ined so  t h a t  th e  a p p e a ra n c e  
o f th e  S pirns© -could l e  re c o g n is e d  i n  t l m  t e r n a r y  a l lo y s  i n  t h i s  re g io n #  ' 
u s in g  t h i s  a l l o y  a s  a  s ta n d a rd  c-f com parison* fh e  phase  b o u n d a rie s  
daduosd fo r .  the- ISS^d# is o th e rm a l a m  shew n i n  f i g u r e  S8*(j). The 
s t r u c t  u rn s  o te e rv e d  f u r  «&©h a l l o y  a r c  g iv e n  in . f a b l e  B* Only th e  
■and S phases a r e  k u e fs  .to  e x i s t  a t  1650C# The o o m e le ts  is o th e rm a l 
s e c t i o n  c o n ta in s  l m  l a r g e  2 -p h ase  f  i s  Id s#  o/-fyMS and/S-y+5# which. occupy 
th e  g r e a t  m a jo r i ty  o f  th e  s e e t i e s *  th e  s m a l l  I<*phas® and S\#
and the  narrow £-phase
(is*) - * ;,- iun-T  1 n«*<■ in© A lloys I | * led  ft *» IB 5*1*.
fh© f> phase e x i s t s  e v e r  a  v e ry  l im i t e d  rasp:© o f  c o m p o sitio n  
a t  t h i s  teta**r& tu rn  i n  th e  b in a ry  system * The s e r i e s  o f  a l lo y s  w ere 
an n ea led  f o r  thro©  weeks i n  th e  ©won* I t  p roved  .
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cliffioult to compare theae alloys with tbomo at 155 vV ■
Tim phasa &a& a different miorocP^ pMo ©ppoaranco* aocoxelin g -
t o  t i e  t®ap©rattir® fxt?a wliiali i t  v n s  gaa&ol&d* ilmry o f a l l o t s  ; 
l ia i  m  aolatalar © traoture, fudi© w a l& fc ®  $b* • © tra cts®  of' tli® 
&udnG&&Gt ' phase obtained at 155°$# It did mi disappear eftea?"-. 
mor® l m g % h & Y  s^oali '^troatmoiaio* ' : ' .
A  m m c m x g  o f  mierog?ap£ilo gtmeCTatlcms o n  t h &  /  
i i u m i o h o d  allots i s  given in Tabl© 3* \ _
(v ) * f liB—rio li A llays o f  th e  ^ a d x o A w a r ^ t n ^ Z i x m  System Anxioflcd
5;') oi-iex to> /•'py:»tu3?oa» , - _ . .-' ..-. .
. Sw^ariss 'of alloys <$j^ c&e& at‘the followingA 
temperatures ere glvon In TabXe® .4?%?'*-St$flOf Xl$l t ti3* «sa4 14 • 
raajasUvcly:- 150% 1&% 1«5% 110% 1?S% 180% 185% 
1 9 0 %  £ 0 0 %  nr-d 2 2 C %  . .; ■ .: 9 ;
( v i ) # C r fn i^ w c io h  eore.oer o f t h o  ffidmi ^ ^ i n ^ Sin e  d x a ^ n m ^  ; ; :
Tne pmzm exist# -o?sr a y@3^. mail range of opposition 
••in.'.the 1%m -7  Byotom* -.-thirty th& m  alloys Trere-pvepsMt and ■ 
"•emxoslod at scvemX ia to esiatll^i Units of'
this pliaoo*. - It was not thought necesoa^ y to draw isotlioagsialo at 
. ib© various' quenching1 temperatures, Imt to assist ''in following 
1110 proooo3 of solidification,& ©eheaaiis 'sketch. k®Mfbmn given*-. 
Figure 39® •- :• •••:■•'
Smmiaries o f  a l lo y s  quenched a t the fo llo w in g  
■':sr;pcWituaf9s s —. 1?0°0} 200% 250% 266% and 300°C eae eltowa 
in Tables 15 tvad 16, '
( v i i ) .  T , in o * ”ri.c h  of the- Oadjhit-®^in«*^ino dia.amm
x!ic solubility of tin in ssino.h&s 'been stated by :• .
many previous workers to be nil* v/lnlet that of ca>lraiti3 in gtod% 
to bo by Stocacdal©^ * , a series of forty oix alloys were
u o O i t v
S o U P ir i C A T I O N  OF CADMIUM-RICH ALLOTS
U
ISOTHERMAL SECTION at^O O C ISOTHERMAL
»E
SECTION at .^(q(q>C
ISOTHERtMAU SECTION at 2 0 0 °C
L*+£
cc>
ISOTHERMAL SECTION <ST 2SO°C
ISOTHERMAL SECTION at 156'C
-*  SrOC °
ISOTHERMAL SECTION AT I74>°C
FIGURE. 3 9 .
th e re fo r©  p rep a red  i n  o rd e r  to  e s t a b l i s h  th e  e x te n t  o f  th e  
phase  i n  th e  te r n a ry  s r s t c 31* ' ;
Once ©/*ainf isoihetsasl© were not dratra at tlifl 
v a rio u s  Quenching tem pera tu res , h u t s* cohematio ‘ ehistoh o f  iii& 
p ro cess o f  o aX M ifia& tio n  g iv en  in  F ig u re  40,
0AIT the specimens wore first annealed at 150 0P ■ 
for 3 wee3eap in sealed araau&hed, glass tubes, shorn in Figaro 31* 
and then taken up to  the various guenching tem pera tu res ehcrem*
Ih e  a llo y s  were h e ld  a t  the  quenehiny tem pera tu re  f o r  a tim e 
s u f f i e i e n t  to  e s ta b l is h  eq u ilib riu m , u su a lly  a  f a r th e r  pe riod  
o f  fourteen rleyo, and then  V apidly quenched, in  wafer* Xn 6 rd e r to  
r e t a i n  th e  shape of the a llo y s  when h e a te d  above th e  s o l id u s ,  c lo s e  
f i t t i n g  a s b e s to s  &%&c® were in s e r t e d  in to  th e  g la s s  tu b e s ,  ©a 
e l  H e r  c ido  o f  th e  gpeoimens, p r io r  to s e a l in g  off*
A DM'iuaty o f  n io ro g ra p h ic  © bnsrvations a t  th e ' 
fo llo w in g  * c c ? « n t s r M t -  157°tff  1S?°C, 2 0 0 %  2<SS°C 33O°0S 350°C, 
385°C, i n  frivcM i'.i M i l o s  1? and 1 8 . ‘ = -
( v x i i )  *?h® te r n a r y  diagram  O sdm iun*«rinline*
I n  .o rd e r  to  c a r r y  o u t a  g e n e ra ! su rv ey  o f  th e  w hole 
diagram , a  s e r i e s  o f  s e v e n ty  s ix  .a llo y s  .were p rep a red * .. *2h@ee •? 
Bpeciraens w ere o n ly  exam ined i n  th e  4 a s  c a s t * s t a t e  and 
photographed a t  a  s u i t a b le  m a g n if ic a tio n , !7o p h ases  o th e r  than 
th o se  a lre a d y  m entioned wox*e found.
S o u D i n c A T i o i s  o r  Z I N C - rich a l l o y s 59(a)
17-4-
15C > T H £ R M A L  A t ~ 2 4 j <p*C
I&OTKE.RMM /vr 185*0
'** 2n
I S O T H E R M A L  a t  200*c
I&OTKERmAU AfT lg7°C FIG U RE 40-
1—+&
c o o lin g  s u w m  m m  f ir* .  ^ i e a  0
t^ i /  a l l e y s  to  .&*oertai:ri ifnsidvx i!:* p resen t m x t  *
' !' ' " * (2S) : " -. '
A . .-s’i t l i  t M t  o f  t l m m n . m &  JelX^o&XpoXc« I t  m e  found to -
Ia# 1t4 fail* agsooiwnrfcjr h m & ®  h m w t k i i v ; :  au4 co o lin g  carves wars
oat cs- a l l  $&a s l lo y s ? tit* x^oulto vAiioli tire found i n  *Tc31o f*
s^d'a  ^ a p i i e s !  -fcoxroasultoiiou o f  t l a  lipvtidao in  T i g x m  3?* Fm a
tM.^ fi£f42?0|. i t  & t&  h ®  m & &  th a t a v& lley  Xina ra&o frcra tc o  liq /aidus
oF V o  G z c u i m ^ C i n  a l lo y  con ta in ! rig 3*7/> t lx *  to  r.n a l lo y  c o u ta in in j
l l .  h i n o t  *££ ocu&iii&j la lan ea  tin*  g iv in g  x ip a  to  tfc* icT tuav
TSOlUt^OtiO I c lo t  :;-•& XOcA/* ' o '
? o £ tif;c i e s o t i o h j  h z o r i n g  tVo f c l l o v r l n g  £i~aa aoniontos—
0 and t> ai*& ^ / , l  and 2‘.-f 3 ravl 4/» 5 ar:i 6;'f i ex a  <3,1 m m  :
dxvjyn* a r A  Vicia? m ^ o o i iv o  f  jtjarv m m cxn  fceing 41*4**43*44#43 «*X ;•
o f  too  h a t i n g  and c o o l i n g  eim res cx*o givon
in  XxhXen 23 m l  2 2 . 1 .;
( 2 )  F r , t *  r  m e , i 5 « > ~ i  o f  t o o  f  x g o i f j n ?  n t  V . o  C F F l y l  r t ^ r l c F  .'
O : A i r r " 2 ? I d y 7 ? | , - o d l , , > ™ " '  ^ ~ ™ " ; ; :: _
X m  1 $  v c i y  n ,xX X  1 1 ,. i t  e f  t m  J pi '®®f  
lipdiuo vtiti^oo rry. not dmm/loi lolo o rm tl>ts *@£«v&at:
te&tinA' c n i ccolin.v ooxTv^ F a t lm  13 v>d 2 : m
C l) yin F -F  ?\ f  *F»1* J A I -*, F"~ o r  t ’y  F j j o ^ t i o F  ^ ■
oi[ O^ AulaCg^X^ _  KnG . ^ ^ § ^ 7 2 W ■ "“* . • * .
Ikio. t o  tto--ves^  issaali l o a i t  ©f fk@ g ill# l i^ a id m s-
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( l )  T in ^ r io h  © om er o f  ilio  T®vna7?T system  osdm:U — * *-»i»tt
: ' : Th®j\ph&s® o f  th® tin^oadm ljm  systesa, form s' ; : . * 
p e r lte o tio a ily ' on ©ooiing from" ih$aC s o l id  ^solution. and
•liquid, decomposing euteotoid&lly at i33°6| It© crystal
{ ^ jlSjetruoturo has :b@ea d stem im d. Le& v • • aad showa to ©s .■'
Jteftay nl, with an axial ratio,' 0/a of about. 0.633 'md ®si *&*;■.
parameter of 5*61 &Q mrnpaxod  with iho T a l u s  & . o f  ,0*54 and $*324°
for ©/a' and * a*' in par© tin./ fhe^ ph&s© thus forms by >-
s im u ltan eo u s ©rpaa&loa of the l a t t i c e  i n  tli© 0 d i r e c t io n  and
a  c o a tm o tio n  in. th e  a  d i r e c t io n ,  th© ©h&sige i a  -atoale volume
b e in g  Oomparativoly &mdl$ in  ag ro o aen t w ith  th® l i n e a r  ■
©xpanoi^n of 0.3$ '©bsowod dil&iomoirisaliy# ; f-!i© f a c t  t h a t  .
th © ^  phase  lias a  s im i la r  c a s s i a ! . s t r u c tu r e  and eo sip o sitid n  to
/p u r© 't in  would account f o r  th© ©as© w ith  w h ich-'It tra n sfo rm s
d a r in g  tho ^©aoliiag p m m m * ". ITery little diffusion-is
- ' (25) : ■re q u ire d  b e f o re / th e  ©hang© ©an talc©, p la c e .  • H s iu y s a a - found 
t h a t  sn  a l l o y  o o n ta is ia g  6$ o f  cadmium.and 94$ o f  . t in .o b u ld  
reach equilibrium in an hour at 160^ 0, which' Indicate© that ' 
the formation of' theyt phas© from ©n of at sad J is also
a. r a p id  p ro c e s s .  ' '
4 a  examination of the ©issost distance of approach 
of tin atoms,' compared with th o se  o f  o th e r  elements, shows .that 
there'let a s t r i k i n g  s im i l a r i t y  betw een the interatomic distorts©
' of white' tin, ©aid' etadxaiuxa (Figure4 9  ) * ■ The two outer horizontal 
linos in the figure., bound the sons' of favourable ©is® of atom .
r e la t iv e  t ®  "the * B i m *  o f  t i n  atom.- T h % &  z o i m  y m M  $ m m  ; 
©a the csoxapiimi that a a- is© factor-of ±  15$ is favour able 
for. tin alleys* since this - is the' ease for solutions i n  •. 
copper*. silver and gell. It may bo ©©acXuiel that tax 
f o ru x t io a  o f  th e  /b phase  i s  dom inated by ockioidfcrxiioriS o f  
s ia e  f i e  to r*  CnXaj to  t a a . la r g e  r a t i©  o f  t i n  a  Ions to  ca in im a ' 
i n  t i i i s  pr ,  i t  i s  u n l ik e ly  t h a t  i t s  oecrjusutteo i s  dug 
e n tire ly  to  rhetor© o f geometrioal packing of atoms. Chore i s  « 
no ohurp iro x ^u o e  o f  ©loctxao&X . r e s i s ta n a s  in  th e  noighho u tiood  
of he#phase «» farther Ofllcnoe that the xhnno doss not 
c ^ i i m  xg «ie b o n d s ./ S r l le n o e  m ' £%-** tccu ao la to d  i n l i e n to s  
th at the phase i s  a  form o f  e lectro n  oosronnl.
Cko on ly  t h i r d  elecKmfts wtioso e f f e c t s  on •tbey'S phase 
m  tm  im rm t ig a to d  a r e ,  antimony* sines, and th a ll iu m . 4s ; 
s t a t e d  a b o v e , ' p h ases  ©£ th e  ^ t p p e  'ey© o n ly  f o r .  cd  f r o a  t i n  - 
and e lem ents o f  v e ry  c r i t i c a l  a tom io ' "else**  i^ e re fo ro  i t  • I s  
e x p e c t e d  t i n t  o n l y  elom onts w l i ia l i  have.w r y  riniX & r isstem tom io 
d is lsn o © ' to the e lo s c s t  diosonr© o f  ep tyo ixh  of. atoms in. the 
\Mt®  tim  e ty n e tu so  w i l l  bo ap p rec iab ly  's o lu b le  \ ia  th e  phase*
Hansom and $>©XX«*v>£lpole have discovered that antimony is . ;
a p p re c ia b ly  s o lu b le  info ,  th e  s o lu b i l i t y ' b e in g  m n n n ta ju  o f : 
.5*1$ by w eight a t  209^ *  A dditions o f  antimony in c re a sed  th e  
tem p e ra tu re  o f  th e  e m te o to id s l d o o m ip o sliio a  e f p  from 133 C§ 
i n  th e  M  a ~v q y o tco , t o  145°^# a t  a  c o m p o s i t i o n  o f  O .S fS b .
!lo © om stsnt. v a lu e s  o f  e le c tro n /a to m  ra t i©  a t  th e  phase  boundary
tar# been deduced from their work* Antimony has a favourable 
©la# factory relative to' tin* 'Thallium. and sine, whose els© 
factor# arc Just..within the favourable ra n g e , da not dissolve .
■ in 6to a very great extent,' the; solubility being of the order 
of'one atomic-, per cent in both case©* .
■ f h e p h a s e  i s  s t a b i l i s e d  a t  © lig h tly  low er . 
te m p e ra tu re s  i h '  th #  $n**Sd~Sn system s th a n  in  th e  b in a ry , system , 
.acco rd in g  t o  th e  th e rm a l a n a ly s is  ©spsriment© d e sc r ib e d  In  t h i s  
th e s is * ' f i d s  e ffec t-  may b e .d u e  m erely , to  a  l a r g e r  h y s t e r i s i s  
. e f f e c t  caused ' by  th e  p re se n c e  o f  a  .large- p ro p o r t io n  o f. S phase  
In  th e  a l l o y s  in v e s t ig a te d *  i t  i s  p o s s ib le  t h a t  th<y$ phase  would 
• d is s o lv e  l a r g e r  m o o n ts  o f , z in c  • and 'th a l l iu m , b u t  f o r  th e  lo w  
: te m p e ra tu re  a t  which th e  te rn a ry ' e u te o t io  occurs*  .The- o c cu rre n c e  
o f  l i q u id  may r e s t r i c t  t h e : ran g e  o f. hom ogeneity  o f  th e /3  phase  
i n  " th e  St>-Cd-Sn and Sn^d**fb s  ystem s* ' fh©- s o l id u s  is"  m uch' ° 
.h ig h e r  i n  th e  $n**0dUSh system , .which may accoun t f o r ' t h e  l a r g e  . 
s o l u b i l i t y  o f  "'antimony, i n  • . ■
(b) Solid: Solutions in fin .
■ S o lid  solutions- in- tin' cannot - be considered in such 
detail as solutions in copper, silver, gold and some other metals 
since very 'few - elements .are .soluble in -tin- to -any appreciable 
. extent.* / figure - - shows that the - -elements .whose" **©1®©©**' ©re 
. most favourable'compared. with that of tin, -.are cadmium, mercury, 
a m  only very, ©llgjb.tly soluble- up to 1 wV« biihium is only very 
.. slightiy •"soluble,', less. than; 0*1' wi$, soiuMliiy being restricted 
in this eaeer beocoi.se of the., electropositivity of - the solute «* 
a compound liSn^ ,.. is formed at. 3 of lithium, which limit© 
the primary solubility* The 'solubility of -.titanium in tin is
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not (file  w r iter  ±nt©»t#4 M s wos& to  I s o la t e  a study
© f:-fill© s;yr<t«cn? tm i nafortxiitelar'- t!icr© wore' m .
facilities available for £&ltin& tb© alleys)* Ziparaih dissolve©■
in  i i i i  12j  t© & ertrM  or £0 rtf** .. V.
flie  irM rM onie fi6t?*no©-;l» .is  m t  m
m  i i  rdfh i ©poour- a t - f i r s t  *4.;Vt*"sine* %hm, staid® :.
foxm O’f ' t liig  eXsmesit i s  \ Mrooaiiisa a t  tc.p~*&tar©« i-tlow ;tli#'!
s&elting. point o f  tin * .■' .flit m i m  factors* .©f tbo otlior. elossentg . •
t£&cb\&3?o e&proeie&Xy' Soltis t n  tin*  » ss» ly  m j m $  antimony/.'
nsd ,'indiyia ©r®,®!! iao ~ My fawtrskl®* tm %  . that . :
‘sRtisaongf M m m M h  era T@ry ©Mutd# in  tin* - i^©a?sas ill© other ,
#X aar/res g f  O:roux> Yb» ar;;c:«£% i s  pm otX oslly- insoluble* i s  /',&u®
larssly t© the tt3f»nc«;ax5hle Mmaicr m diu s ©f the latter met&XXoM#
i t  i s  els©  -'t&* s a s t ; ©i«ot&cK3e£&i£vo' *'3seial * • ©f the group*. s 1
t e s  ista ju  e i ia ia  do M ilt tin* . '. : ’ \.
, . r Z Z + x t *  lias a  I@ss isia©* than a^iaiini' aat
does not for.a en interm ediate phase-of type* Xi i s  s l ig h t ly
aaor®. ©olubl© is . t in  ih m  th® ©iliar P a te ls  o f  Q m n z p  % % h $ . liem m m *
' . OMng t© t;i0  « s l l  sM uhility of pj©st metals in. tin* .
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t h is  smthed has used s a t i  s f  a c ta r lly  Ibr e l l j s  ©f ill® m etals 
o f  Orosp lb* If #  l o g i c a l . v a r ia tio n  h a m  hooa f o v m d  w its  tfe© few  
-elaiionis which to  d isso lv e  in  -tin*-:. f ’M s d i f f ic u lt y  e^ain "'
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the Unit ©f solid soloiility of sin© in ead.-aiu,i
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524 - -: ft 186.5 : ** ; 153.5 - -131.0
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1
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5 4 2  a . 1 8 3 , 5  ,
•
155.75 ‘ 1 3 4 . 0
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47 3
t*9 9 */«** *
*♦- f4
-'S
'*>
./£-
et- .C
'/ ■ 'O
r  9 4^ w ^
5 3
)4><
.:g'9

' / :  8 9 9 -  P ® 9  X 6 0 %
^r^t9^v>»'r^»i>^o«rinsiMu.v»ga<ti>jy • —
■ 4 4 0 ; ;i 4  /  3 v 4 9 6 ; _
JL j £ : 523 ^ 4 ? 4 L
A  X  '3
J L 4 f % : 4 7 9
• • €S ***%•*-* 4  a ?  •. "  ^c  r . ^  4 ^  4 w
r- f h  -
I  ■ '  -■
0 ; - 4 8 X :; ^ 4 3 - 4 t - " 5 3 3 ; • ^ > 4 ^ 4 L f  .-• 5 2 1
A  a Q  ■
f i 4 3 3 / » > * i  4 k 5 3 4
fV
^ < 4 ^  4 k .
r*  r -s r  >
' J * U ^ < 0 4  L ,
J *  5 1 0
r-
A : ; ; 4 5 3 - : K , 3 5 3 .5 1 2 }
/ * ■ £ :£
■: / »  ■ 5 4 2 ^ /b X - L s *  . /  4 9 8 " :  5 X 3 ; 4 L 4 ( h i >
4 3 #  j 0 3 ; - 4 8 3 ; 4 9 9 « U / & £ >t 8 5 1 4 ;
4 & l ,
/ *
.  4 8 4 ■ 5 0 0 ;: ; 5 i 5 : f h &
4 6  4 / h  - r . ,  4 8 5 - J 0 1 - ; 5 1 6 / b ^ + l v .
4 4 1 ; : < r f + V $ 4 3 6 / M S  . . ' 5 3 1 ;
j $ 4 « 4 k
4 4 4 / S 4 4 ^ 7 ^ 4 ^ 4  L b / 5 5 3 0  :
4 4 ? J : - .
•'-'. i O ( }
4 u u 4 L
r Ho o
^
4 5 0 / M * ' S$ ,< 1 /V- / v S ^ u t f o o ^ 4 k
4 5 3 ( h & ;  5 4 1 . . y b + J ' t L  . $ r0 2 ; ^ 4 y b 4 f t >
4 5 6 / & * V 4 3 9 ;  50  4 ' . ;- H . &
4 5 / 4 ) 0 505
4 6 S '■'. 4 9 1 M . & & J v Q .
4 0  9 a - W t * y b ^ . y } Q P  . - f i y & " 5 2 4 ^ / k & * L : 8
4 O p b <4 b £ > S5 *S «*«"I ? 3 /  - ...-_ / b 4 ^ 4 L
4 0 9 o s U / b ^  .4 5 3 8 v
t 0, ^ 7 ^ 4  L
SZ 4 P * j  y c f  ( i . v t . 9( ^ 4^ - 3 m yfc*>4U
; - s ; #3* ?
■ j d $ . \ ^ 4 ^ 4  L. ’
5 4 4 *LUfe& 5 3 6 k 5 3 7 «HS*>
:. v
n 
■■
<
S
\ /b & 4 9 3 5 0 9
4 7 6 3
* k 4  5^)f .
4 9 4 • : . 5 1 0  ■
4 7 6 a -40*4^ ' ••••'* oft ■4 / / . ©64/ S 4 I 5 1 1 / & & ■

■c*
49a
* mq«&
4 8 3  p i  ; ^ £* ^O V
^4,^f^V:
8 9 '
im .S 9'~* I-
joL 
eC
X 0
411
416
419
4-2
jipez
428 .
43!'
434
440,
445
449
4 0
46?
458
A
/b,
A
y4>4'Cp
>* r rr< o** tTfs
«*flnnra*»fl»ww • “  • —----•—*--------------- ——s. ..
175®*'
423 -i-fii-4 545
426 oC-^-tJ 476
, ..» rT ,a '"’’V ■>
499 *!»£*$ sc io  /$
500 SOU $
501 B0X2
ot+s 432 . <**/!>•& '3 f>4%4U 531 (S^4U
-f fS  433 479 (*,4^1, 533
438 A ’
44 4
489
459 f 
4 6 2 '
/w g 4 k  .525
9 s in '
463 ■
471
4 /4  - j'6'f Imr
4993 *wS
/snQi-
^4 -4 L ' 511 
C  523
533
41? ^ / l 4
542a
543a
: 514 
7 t > 4 ^  515
^> 4-4^  SGI 
,4i* : SC2
yb-^ S 4C-.1
' *£ .. 
<sL*^
- ;  r-v’T- AT?inTS
^ ^ 4 t - ck^S.
■04$^ L* BC7m : *£4'^
/S^L* ...,//
. i
f!0f| ■'■ ./&
- :V ^ :; ;
$**$•* L  i^ tQ - ■_:Y ;/V -.:
/V *l~
di&+&
/$**>£ 4l~
$:-^4L* ' 
/b '^^M-. .
.■• #4ls. 
«)dlL- 
£
* i p
H *
i s  ~ m m :m  ~ o~ ; r \ ,rr~,; 
'm xa  i9o°a ' ■
407 } : *  428 <4M U.s03
4x1  ^ J f b  426 :^ M ls,S C 4  ^
416 2 ^ 4 ^  ; 429 ^ - C |S C 5  2 ■ ^
4 1 9 : v d p F  432 : SC6 ;; .fefb;-
422 ;  - 435 .■'■ * ^ L .  B07 ; . f lf '.
425 i. 4 3 3 ’ SC3 :
428 ■ - 4 ^  , 44 i .■ , 009 '■■■' ,5
431 . " 444 vS-tL S010 ■ /M U .
434 : /s, 4?6 ? «f-l,U
4+k-
4 6 1 ;: f 5 0 2  ■ ^ L ,
4 6 4 :; 2 : . 7 ^ 4 L - ■ - ,  5 0 4
4 6 ? :
^  / % 4 L  ; 5 0 7  r - £ * L
4 ? o ; : 5 0 9 '  ■ o & 4 f -
• 4 0 8 . ■ $ 1 2 : 7
4 1 2 ; ' - ^ - 4  $  4 r L t . r. ' 5 1 3  V
- £ 4 k
4 1 ? < 4  6 » -
^ f e l l
W V X
■ ■ ■ ■ « L :
4 2 0 '
d C , * f  6 * ^ L .
« s f » o
■•hv» V  £■*
. / i * -
I ' " X  ■'?
4 4 U
409o
542a
• *4?*.! 1 5  ( ”) — C o o lin g  C’O T e•<XJ .-SOM—#«.'.MW rn p.'SagM). .
.-jysT@©ts.; £ & &  tiil%y . 1.;'004-0 4^ *^
II;----- ■, ■- .0 0 0 .0 - > 0 / l o o o m s C>* v A-
1 2 4 ; , 3 2 0 * 0 ^ -^ 1 2 .0  ; v
■ '
■ . 3 1 8 * 5 310*0
0  >0 > . - - > -
- 317*75 | l 3 C)0 *0 -: 0 : . .:,■ ■ ■ ■
1 3 1 >2 ^ . 7 5 ; I 5 :;0 2 9 7 *0 '\ "
1 3 4 ^ 0 2 9 0  * 0 8 0
. : • ■
v l l f l - - 313*5 ' ' 2 3 3 . 0 O0 .0 0 : - 0
' IT? ,» 70 ■
I 4 0 311*0 0  2 7 8 . 0 ':;;::0:40800: v 0  0 0 O
1 4 3 i l l ;  =; ^ io  | | / 2 7 D*D8 ; -
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613 , 415.5 200,0 156.0 119,0
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611 416.0 : 240 .0 156.0 113.25
610 417.0 , 266.0 - -
602 • . 415.5 199.0
6)3  ' 415.25 176.0 155.5 X18.5
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606 ;" 416.0 196.0 . 156.0 > 19*2
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. -
. 417.5 129.9 - «*
541" 417.75 167.0 155.75 119*0
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616 ■- V ‘ 1 5 6 .2 5 I32.0; .
615 169.0 1 5 6 .2 5 ■131*75
614 .180.5 156.25 132,0 .
613 - 199.5 156.5 131,3
612 218.0 . 156.5' : 131.75
611 241.0 : 1 5 6 .0 '132.0..
610 266.5 *+'l -
6 0 2 1 9 9 ,2 3
6 0 3 177.0 155.75 .132.6
6 0 4 158.0 1 5 6 .0 131*73
6 0 5 . 174.0 155.75 131.75
'606 .' 195-0 v ~ , ■132,0
607 229,0 ** ■ 131.75
608 246.0 156.5 . 131,5
6)9 285,0 : -< . «*
601 : 199.0 **
Coo \ 176.0 1 5 6 . 5 1 3 2 .0
599 162.0 . 156.5 1 3 1 .5
5 9 8 182.0 .156.25 1 3 2 .0
5 97 2 0 3 .0  - - 1 3 1 .7 5
596 233.0 - 132.G
595 ’ 3)8.0 _
f a b le  I*?!)' X continued).' -
589 -199 .25 : ~ mm
590 : : 169.0■' : 156 .5  ‘ "131^5
591 176.Q: 156. 5 ' : 1 3 1 .7 5
592 ,  ; 199 .o;: 155.75 1 n
593 9 ; ' : 234.0 V : 1 5 6 .0 1 . 131.75
594 : ’ :,  - v , ; 329.0
5-33- ' 199. 2 5 : mm. . -
'587 15^.25 , 1 3 1 . 5 ,
5 8 6 : , . 192.D' ' 1 1 3 6 .0  - '131 .0
585 :: 227. 0' 1 5 6 .5 ;;i3 2 .o - ;
584 - 342.0-: *«#
5‘> ' 199.215' ■' :  - ■  /  :
582. , .170.0 ' 156.25 1 3 1 .3
582 *yi n  ' f i  fClymV ■■■V 156. 5 .. 1 3 2 .0  ,
583;;’ . 356.0 wm . ' "'**  : l '
5 'P : 199 .3 ■ mm-
578 ;’ : 180 ,0  • V ■ 156.0 . 1 3 2 .0  ;
577 ; 383,0 »  ' «*• •
575 199. 2 5 " • mm '
- 433.0 mm ■'
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603 • $41-
604/ v'&L
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6 o j $ 4 t
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609; . $ 4 . .
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590-
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58?
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■565
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J 3  C al CnT^m r' vv1-3 s f o r •th e
; OWWP 0 0 ■
0 - ~  7. 165.0 : : 155 .0  : ■ 119.0
;-i' : ■ 167.5 ■: 156 .0 ' 119.5
2 ■■:■; 176 .3  ' 167 .5  : ' 156.0- 119.5
.3 ■■■'. 182.0 163.0 - ■ : 156.0 ' 119.25
4 186.0 167.75 ■ 156.3 119.25
5 - ■ f 2 0 0 .0 / 165,0 : 156.0 3 119.0
:; 6 ' ■ -:-203*5 I 64.0 V : : 156, 0 '-■ - ISO'.O
? ■202*0 179.5 ■■ 156.0- ' 119.5
' 206*0 182 .0 156.25 119.5
* 9 . ' 210.0 : 195.0 156.0' 1 2 0 .0
20 : £15.0 211,0 • 8 : 156.0 : 119.5
11 v 195.0 192 .0 156.0 ' 119 .5
12 . v ; 188 .0  . .180.0' ' V ‘ 156.0 ‘ 119.75
13 : 180*0 ■ 168.0 ■ "156,0 ■119.25
14 V 182*0 177 .0 156.0 -■120.0
15 186*0 : “  ' ■ 155.75 119.5
16 ; / 1 80 .0 . 163.0■ 156.0 /: 120.0
i  I' -:- 170*3 I 65.O , 1 5 6 .0 ; 119.5
1 8 /  -: -■ 183*0' I 64.O 156,0 ■: r 119.5
w  > 200.0 163.0 ■ .156.0 119.5
s o * / ■219.0 162.0 ;0 - 156.0 - 119.5
21 : 210.0-- •* ■ 156.0 ■ 118.5 :
22 236.0 ■160.0 : 156.0 - 119.5
23 - - 2 32 .5 165.0 : 156.0 ■ 119.0
24 : ' 231.0 233.0 ; : 156.0 ' : ’ 119.25
v aa le  XCu {continued)
2 5 / 26$, ; ■240*0 - 156.0 1X9,0 -
26 264*0 / - 222*0 : 156.0 . 119,23
27 ;;; . 233.0. ; 1 5 9 .0 156.0 / 1 1 9 .0;
28 ;■ '. 237*0 / ; 236,0 156.0 • 119,0 ■
29 .; 253*0. ,?£~.0 : . 156.0 119,0
30/." 284*5' . 158.0 ■ ■-156,0. ■ -y; - ' 119,3
3 1 /9 282*0. ' 25---.0 156,0 /1 1 9 .0  ,.
32 ■... 282*0 . 260. 0 - ■/
33 8  ; '275. 0 / ' 266.0 - 7
34 ;-:; 253*0 ~ 156.0 , <£• *4* ^
3 3 ',: ■250*0 2 4 0 ,0 .. 156. 0 .-’’ 119.0
36';:; 274*0 - 266,0. : »  .
37 ■, 261* C •205,0 156.0 119.3
33 '' 262*0 . 189,0 , 15C,c ...; I I 9 .0  ;
3 9 '/: 262*0-9 178.0 "1 5 6 . 0  . .. 119.23
40 0 ■ 266*0 ; 162,0.. 1 5 6 . 0 120 *d
41 ; ' 265*0=, 133.0; 1 5 6 , 0 -:119*5
42 26t*0 ,;;/ 199.0 ... —  :
43 ' 294,0/. ' 163.0- - 156.0  ; 119.25
44 /, 297,0;; ■ 182.0 ■. 156.0 -119*0 -
43 k . PL*0 , i ; 3 .0 *** ~m+ .
46 / -292.0 - , : 182.0 156.5- 119.5
47..; / 2S»*0 2D0.0 156.25 119*5
48 290*0 , ; 219,0 . 156.0 - 118*5 -
49 ;/ , 290,0 .. .238,0.. .156.25 118*3 :
30 ;' 291.0 266.0 mat
(ooaiismicsslK
51 : 2 3 6 .0 . 156 .0  ,;■■ ; .113*5
52 : 3m*0. - 211,0 " 1 3 0 .0  ; : ■'119*0 ■■'
33 312*0 .; 7 188 .0 155.25 ' 119*25
34 ■-31C.*' V l  |8®‘3 : 119*25
5 5 :  ' 321*0 2 0 0 0 156.0 ■ I l f  *0' ;
56 - 3 0 * 8 1 5 9 0  ■-" ... • , «5*
57 -344 .0 199.25 .' m m  '• 1Wfc . 1
e«s:>>3, ■ 888*0 o - 178*0 - ’ . 1 5 5 .0 : 11 8 .5
59/" B 3 0  ; 1 7 -0 -  - ■ 1 5 6 .0 ; - . 118.75
m 329.0 155.15 119 .0
61 3 8 5 0  • 2 3 5 0  - - 2.56, 0 - 119.25
62 ;853*5 ' ■- . 266*2$' . -•■■•■■■
63 33**5. 266*25 .*#*■
64 3 li* o  ;: ' 224*8 : ;  ^^  *“» V' ‘ 1 1 9 .0 ■
© ■ 345*25 ' ; ’ 187*2 ■; 15S.0 . 1 1 3 .0 ,
66 : ; ' 35V>" . 1 6 2 .2 5 / 155.75 1 1 8 ,5 ,
67 ;- .3  * l f / 7 0  / -  ■ . .
68 -3 7* 199*25' — :-■ -•*9 ’
69 ‘ 362.0 . 1 7 - 0 156.0"- 119*0;
35--O ■ 0 2  0 154,25 - 117*5...
71 - 3 5 4 0  - o 2 6 3 * 0
? a : ': 37W - ; 199*25 «* mm' .
73 ; 376.0 18*025 15 6 .5 ' 118 .5
7 4 ' 3 0 0 193.0  -. ss*
75 ; 4 ^ * 2 ' 1 0 . - 5 ~ w
76 r% «, s^. «ae «*<*•
T-v,Tiv 3,o (o) «. lz.oivhbi  ^ Oixsvo- 'Arrests for tho ^riK-y-Si *'! ry/r-n
0 7 7 ; r r ^ r - o  0O'in^.M!RKSf3^ 0 c
o ;■-. 131*07; ■. 1 5 7 .5 /0  0 — 7777
■ 1 :: 131 *0' ;■ . 1 57 .0 .-; «** •
2 V 131*25 V  1 5 7 .0 -4 .“ ■«*»; .
; 3; 1 31 .25  ;■ 1 5 6 .5 .7 - ' ««=
4 ■ 132 .0 ;7 lS 6 ,5 .0 7 ■*m- ' 7
■ 5 ; f0-: ' I 3I .2 5  . ■0 1 5 5 .5  ■5;;:; " I 65.O 0
,'*4 7', ; ‘ 1 3 0 .2 5 '7 /1 5 6 * 0 . ■ ■ ' .1 6 5 .2 5 .
i 7 132.9  ; ; | ■ 156, 0 ' -179. 5 ;
8 1 3 1 .0 , " 7 : -156* 25,'0 179.0 ■
> ;: 7 * 132, 0.7770 -156,25  7; ; , 195.0-7
ID,: 7 ■: 133*0' . -■‘156.5. ;■ 211*5;
11 -77 131*25;- ; 156, 73 ,7 192*0 -7 :
12- -7' 1 3 2 .0 7 156,5077 , 180,0
13; ' 132.0 155 .75  :--7 170*0 7
14 i0  1 3 2 .5 ,0 '1 1 5 .7 5 "-^ 7 161,5  V
b , 7 132*5. ;.::M 5 5 .7 5  0 ***
16'. 7 133 .0 156. 0 ; 7; 163*0'7;
17 ; V V 132,0  7 , ; 155.75 "077 166*0
13 .77 1 32 ,5  0 . 156,0 -7 . 164.0 ' :
i 9 ; 7 132, 5 7 ' ■■■155.75' 162,577
2D 77;. ■ 1 3 3 .0 7 7 v 1 5 6 .5 0 -7 163.0
n 77 ■1 3 2 .5 0 ;■' 156,0 77 7 , -  ;
22 7.-7 1 3 3 ,0 0 7 4  155 . 7 5 0 .-7 160.0 ' '
23 133.0  777-77156,25 '7 7 154,0 ^
24 0  132 .0  ■- : J56 .25 231*5 '
I l l
23 132.25 - 156.0 ■ 240.0
26 1 3 2 . 0 ' -156.5 :■ 221.0
21 : 132.2 - 156.0 v' -139.0
28 . 132. 5 ' ' : 155.5 ... : 236.5
29 ' . 132.73' v 133.3 ..; - 2 4 1 . 5
*>.. . 132.5 ; 135.73 138.0
31 . 132.5 - 155.75 251.2
31
34
36
"37
38
32.*
■*5
132*0
132.0
132.3
12.0
■82*3
f.75 156*0
156 .3  
156 .5
156 .3  
156.0-
>.5
HQo.O
'6 .3
163.0
8 .3
182. 0'
46 . : 133 ,25  ■ . 156 .5 182.0;
47 1 IO K " . J 156 .5  - \  199.0
48 '.I32.23 ; 156 .5  "■ : ©10 ft X 9* • */
49 1 3 2 .2 3  ' " 136.5 ■ 839.0
59 V >  ; ■*s* 266 ,5
51 132.23 v 156.5"-' 235.0
T&hXe 18b (eon$.iauecl)
52 ■ ..1 3 2 .5 ^ 1 ''65 ' 210.0 -
5 3 : - 1 3 2 .2 5 ; r 156.5  . , ' ' I 88.0
. 54 -• . 132.0 '. '• - 156 .5  - . 165.25
55:-.; 132.25 1 5 6 .2 5 -' 182.0
*** . ■ - -  : 199.0
5 7 .7 ;.- -*m ■ 199.0',
59 ‘ 1 3 2 ,5 .- : 1 5 6 .5 . . : - 178.0
5 i 132.25 156.25 182.0
6Q'.,; 132.0 ' 156.25 201.0
6i7>: 132.; 5 I !i6 .5 230 .0  :
6 2 ;^:; -  V m»- ■ ^ 256.5
63 »• •: - «■» - - 266.5
H . 132.5,;-; 156. 2 5 . 226.0 :
6 5 / ; ; : 132 .25- . : 156.0 189.0
66 131*5 * ' 156.25.: 161.5
67 K - : -  : 7 : 7 199.0 '
.68 7 - ’; «*•.■ • • - ,7 1 9 9 .0 V
69 _ 132.25 : 156.5 166.0
7 0 7  ■■: 132.25 v -9 h;/S ozk A*s'** » 210.0
11 ■ *m <M» - J 266.5
12 . ■- \m :. -  ■: 199.8
■73: ^ ■ 132.0.7": 156.2 : 189.0
747 :7^ - >  7 J; ' '** 199 .2
15 . -  ; ... ,7... 199 .2  -
76 7 W ' 266.5
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